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ABSTRACT

Most of the work described in this thesis was done with the

apterous form of Myzus persicae (Sulzer). Different body parts of

the 4 nymphal instars and the adult apterac reared at certain constant
temperatures (159C, 25°C and 28°C) were measured. Methods suitable
for distinguishing the various instars are described and discussed,

The effects of constant temperatures (10°¢, 15°C, 20°C, 25°C
and 299C) and of two host plants (potatoes and brussels sprouts) on
experimental populations of M, persicae were assessed by calculating
the intrinsic rates of increase. |

The effects of critically high and low temperatures on development,
size and fecundity were examined and a study mande of the ability
of aphids to recover when returned to a suitable temperature,

Field populations of aphids on potatoes were assessed in 1967
and 1968. ictual and intrinsic rates of inerease were calculated,
The poseible influehce of the main biotic and abiotic factors on the
populsation fluctuations were examined and discussed. Experiments
were 2lso made using potatoes and brussels sprouts to investigate
the effects of different natural enemies and of rainfall on M. persicae

populations using exclusion technique and an insecticidal check method.
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SECTION I, MORFHOLOGICAL STUDIES ON THE

DIFFERENT INSTARS OF MYZUS PERSICAE (SULZER).

A. INTRODUCTION.

The recent approach to the study of aphid populations through
instar distribution necessitated the knowledge of reasonable means
of differentiating aphid populations into their various stages.

Relevant research on Myzus persicae is sparse and the results

presented by the pioneer workers - Soliman (1951) and Sylvester (1954)
are somewhat contradictory. Otake (1958, 1966) and the above two
workers used the lengths of the antennal segments as oriteria

for distinguishing Myzus persicae instars, but encountered some

difficulties. Kershaw (1954), however, tried a different method
which depended on the differential densities of the instars., His
observations showed that the rates of Tall in a suspension of the
fourth, third, second and first instar were progressively slower
(vy 1.1, 1.5, 2.7 and 4.3 times respectively) than that of adult
aptera.
The present work followed the same lines as Soliman's and

Sylvester's, but aimed at a more reliable means of distinguishing

between the various instars and at clarifying points of controversy.

B, MATERTALS AND METHODS.

(1) stock culture.

A culture of M. persicae on brussels sprouts was started in

October, 1966 in a room at a constant temperature of 20°C,
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illuminated for 16/24 hours. The individuals which formed the nucleus
of this culture originated from a single apterous viviparous mother,

Aphids from this culture were used for the various experiments,

(2) Technigues for obtaining successive instars.

A preliminary trial was carried out in a2 room at a constant
temperature cf 250C illuminated for 16/24 hours. Pairs of 9 cm
petri~dishes were used to enclose moist filter papers bearing leaves
of brussels sprouts. Adult apterae were transferred to each petri-
dish and allowed to reproduce for six hours after which they were
remcved and about 10 progeny left in cach dish. Observations were
made twice a day and any exuviae were recorded and removed. The
leaves were replaced with fresh ones every day and aphids were
transferred by gently disturbing each until it withdrew its styiets,
when it was directed to the fresh leaf.

Tater experiments were done at 15°C, 259C and 289C constant
temperature rooms with 16/24 illumination. The above technique
required too frequent disturbance of the aphid and also occupied
much space, Johnson and Birk's (1960) method as modified by Hughes
and Woolcock (1965) was thercfore used in all other experiments.

The aphids werc kept on leaf-discs floating on a dilute culture
solution and in thesc conditions they remained at least a week
without deteriorating. Groups of 2" x 1" specimen tubes filled with
124 of culture solution werc each put in a plastic box. 10 boxes
containing 150 sample tubes were arranged in controlled environment

rooms at 15, 25 and 289°C, illuminated for 16/24 hours. Leaves of
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brussels sprouts were obtained from the field and £" diameter lcaf-
discs were cut as described by Hughes and Woolcock (1965) and
floated on the solutions., 2 - 3 adult apterae were transferred with
a camcl brush to cach leafwdisc. After 3 hours the adults were
removed and single nymphs were left on each leaf-disc. The nymphs
removed wsre kept as cxamples of the firgt instar. The whole seb-up
was covered with glass shects Lo prevent exuviac from being blown
away, Observatlions conbtinued twice a lay and about 25 individuals
o each instar were rcmoved for measuring. The leaf-discs remained
healthy and unchanged for the duration of the experiment. The level
of the culture solution in the sample tubes was maintained by adding

fresh solution when requircd.

(3) Preparation and mounting. .

Individuals of the samc stage were transferred to a test tube
with 909 alcohol and heated on a boiling water bath for about 5
minutes. The alcohol was then decanted and replaced with 10% KOH and
the contents were transferred to a boiling water bath for ebout two.
minutes. The XOB was then decanted and aphids washed in 3 changes of
90% elcohol; chloralphenol (chloral hydrate + phenol crystals, was
then added and the contents heated for about 25 minutes. The aphids
were then mounted in gum chloral medium, The slides were left over
for some hours for the medium to get slightly hard beforc applying
the cover=slip, This minimised body distortion from compression by
the cover-slip. Measurements of the various parts was made by using

a micrometer eyepiecc mounted on a high power binocular microscope



at a magnification of x10., The length of the aphid was measured
from the vertex to the extreme end of the cauda; and th¢ width at
the widest portion of the insect., The lengths of the antennal

segments, cauda, cornicle, rostrum and hind tibia énd tarsus were
also measured. Groups of 10 - 20 individuals of each instar were

measured at each temperaturc,

C. RESULTS.

Anatomical measuremetns of the various parts with their standaxrd
errows are presented in tables 1 (petri-dish expt,) and 2 (25°C),
table 3 (15°C) and table 4 (28°C),

411 the parts measured under the different temperature levels
grew with cach successive instar, except for the rostrum which
measurcd the same in the first and second instars; also the third
antenﬁal segment in the third instar was shorter than in the second,
being segmented to give the fourth scgment. The lengths of the
rostrum, hind ta£sus and lst and 2nd antennal segments did not alter
significantly (F = ) 0.05) hetween any two successive instars and
their length limits overlapped, These characters are, therefore,
unsuitable for distinguishing the different instars.

The data from the different temperature regimes show:- that the
sizes of most of the parts measured were inversely related to
temperature. Thus the mean lengths and widths of the first and second
nymphal instars were always smaller when reared at 15°C than at 259C,
while at 15°C the same parts for the third and fourth instars and

adult apterae excecded those of the individuals reared at 250C,



Table 1.

Measurements (microns) of the four nymphal instars and

adult Myzus persicae (Sulzer) reared at 259C -
Petri-dish technigue. .

Instar Adult

First

Second

Third Fourth

Body length 757.4 +16.2 845,2+30.7 1046,64+23.2 1280.6+20.9 1803.6+58.0

Body width 401.7+4.0
Antennal

segment I 534241, 2
Antennal :
segment IT  47.5+1.2
Antennal

segment ITT 110,8+1.7
Antennal

segment IV
Antennal

segment V 81.3+1.7
Base VI 76.2+1.7
Unguis 209.1+1.7
Total

antenna 578.1+5.8
Cauda 65.4+1.7
Cornicle 112,14+0.6
Rostrum

segments

IV+V 83.440.6
Hind tibia 314.0+4.1
Hind tarsus 83.5+1.2

461,748.7 592.2410.4 660,9411.0 966,7s41.8

56.5+¢1.7 67.8+41.2  73.9+l.2  87.6:1.7
48.5+1.2 58,3+1.2  66,9+1.2  Th 1l+l.7
155,0+12,7 148.6+2.9  239.6+2.9 430.0+10,4
147.140.6  200.9+2,3  325,4+ 15.1
.2+4.0 138.0+2.3 167.9+3.5 251.7+ 9.3
78.9+2.3  96.9+1.7 110.8+1l.2  134h.3+3.5
21"30 2_4_:908 3580 3_’_'_’_6-4 395091705 )-lllll-.lk_-!;J.Z;Z
676.4+30,2 995.0+411.6 1254,2413.9 L747.7+47.6
79.8+4,0  84.845.2  96,5+,6  211,646,9
83.2+0.6 91.9+1.2 98.7+0.6 106.0+32.5
351,7+16.2 506.7+9.9 655.0+8.1 ~1059.5+32.5
83.6x1,7 97.6:l.2 107.6x1.2 115.9:2.9



Table 2,

13~

Measurments (microns) of the four nymphal instars and

adult aptera M.

rsicae (Sulzer) reared at 25°C -

Leaf~disc technique.

Dody length 662,8+18.6

Body width
Antennal
Segnlent I
Antennal
segment IT
Antennal
segment IIT
Antennal
segment IV
Anternmal
segment V
Base VI
Unguis
Total
antenna
Cauda
Cornicle
Rostrum
segments
IvV+V

Hind tibia
Hind tarsus

Instar " Adult

. THrst Second Third Fourth
4 854..9+25.5 1017.9+19.1 1392,2+21,5 1731.8+33.6
377.1+18.6 510,1+l4.5 630.7+11.6 851.5+18.0 939,2+23.8
15.7+0.6  51.9+1.2 60.8+0.6 70.140.6  79.2+0.6
42,3+0.6  47.241.2 53.9+0.6 62,3+0.6  69,3+1,2
93.3+2.,2  164.3+3.4  139.2+1.9  243,1+6.4  405.589.3
127.6+2,5  180,446.,5 285.9+7.0
68.840.5  94.0+2.6  124.742.6  155.7+h.6  217.3+7.0
62.3+0.5  72.3+l.2 83.0+0.6 98.0+2,5 113.5+2.5
204,9£3.0  257.3+7.0  295.64h.6  350.848.1  412,3+10.4
517.35.5 687.1+13.7 883.?_5.2 1160.4+27.3 1583,1+32,5
32,4+0,6  56.2+3.5 62,6+2,9  99.7+3.5  192.8+h,1
106.5+1.0  158.6+2.4  217.7+2.5 301.9+4.0  L454,9+6.9
78.1+1.2 79.7+0.6 85.7+1.2 95.8+1.2 99,6+0.6
26L..9+3,0  358.9+#4.6  1465.9+44.0  654.9+0.5  1006.1+15.7
Tho7+l.2  82,1+1.2 86.7%0.6  10h.lxl.7 112,9+1,2
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Table 3. Measurements {microns) of the four nymphal instars and

adult aptera M. persigase (Sulzer) reared at 15°C.
Instar Adult
First Second Third Fourth

Body length 582,4+18,0 778.8+24.,9 1126,8+41.2 1469,8+22.6 1900,9+37.1

Body width
Antennal
segment I
Antennal
segment IT
Antennal
segment ITT
Zntennal
segment IV
Antennal
segment V
Base VI
Unguis
Total
antenna
Cauda
Cornicle
Rostrum
segments
KRTENTS

Hind tibia
Hind tarsus

277. l+8 1
46.541.2  5h.6x1.2 66,4417
lPOoZiO.G 14'5-5_'*;1.2 55'0_‘];1.2
93-51‘_1.4 159021:!'_2-7 lll'l'si:)-ng
1398441
65.7+1.8  89.7+1.7 132,046
61, 5+l 2 Th.l+l.2 95, 0+2 3
190.7+2.9 24L.Bah.1 319.0%5.8

498.1+19.7 664.748.1 948.7+22,0

36.4%2.3 56,5419.7 70.2+3.5
104.6+1.6 150,3:2,1 216.7+h.2
76.6i0.6 79.84'1.2 88.9‘!‘1.2
262.4+5.8  357.645.4 503.6+11.8

73.%1.2  BL.A4l.2 94.641.2

375.4415.1 659.0+37.7 921.2+19.1 1028,0+29.0

77.611.7 8802_-_!:1-2
62.441.2  T1,0+L.2
236.55lkels 399, 2k 2
203,9+3.8  310.5+7.5
177.1+2.9  246,5+h.6
107.631.2  124.9+1.7
375.7+h.6  128,245.8
1240,9+15.7 1668,5+1.7
83.442.3  195.8+2,3
299.5+.5 458, 5t8.1
99.441.2  101,5+1.2
674.9+10.6 994,3+13,9
107.1¥1.2  115.6%1.7



Table 4. Measurements (microns) of the various body parts of the

four nymphal instars of M, persicac (Sulzer) rcared at 28°C,

First Second Third Fourth
Antenna )

Segment III  84,6+0.1 148,8+1.8  129.842,2 2306 3+3,0

" v 115.9+2.0 17he 74301
"V 62,140,1 84.8+0.1  113,3%+1.3  147.141.6

" VI 240.1+2,0 300.3+3.5 359+ 1+4.9 128424449
Toteal 386.843.2  533.945.5  718.2:9.2  980.2411,1
Cornicle 88.1+0.1 129,7+1.0 193.3+1.5 276.8+2.0
Hind %ibia 234,24 315,149 423.3+7.2  610,146.1

The antenna~ was shorter than the body length in all instars
and at the two ‘emperature levels tested (15 and 25°C)., The lengths
of antennal segments ITT and IV in the third instar were almost
similar at 15°C but exhibited significant differences at 25°C and
28%C at p =€ 0.01 and p = € 0.001 respectively (table 5). The
lengths of the IVth and Vth segments in the same instar were almost
similar at the same temperature, but were negatively correclated
with tempcrature (table 6).

The lengths of the ITIrd and IVth scgments in the fourth instar
showed significant differences at the three constant temperatures.
However, these differcnces were greater at high temperaturcs (25 and

280C), suggesting that the ratio of ITird to IVth segments is

temperature dependent.
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Table 5. - . Longils of antennal segments III and IV

(miorons) in the third and fourth instars reared at three

constant temperatures.

1500 25°¢ 280¢

INSTAR T v _ ITI w - IIT Iv

Third

instar  141.3#5.9 139.8¢k.1 139.2+1.9 127.642.5 129.8+2.2 115:9+2.0
) -3 wedsn

Fourth
instar  236.5+h.h 203.9+3.8 243,146,k 180,44+6.5 230.3+3.0 174.9+3.1

#* p.C0,0L = ®* p=0,001

Teble 6. Lengths of antennal segments IV and V (microns) in the

third instar.

segment 150G ___25% 28°¢
IV 139.8+4.1 127.6+2,5 115.9+2.0
i 132,044, 6 124,7+2.6 113.3+1. 3

Figs 1 and 2 show the relationship of the length of the IITIrd
antennal segment to the totél length of parts of the antenna at the
three temperatures. (A} shows the distribution for the first and
second instars, while (B) shows that for the third and fourth instars.
In this context the whole antennal length excluding the Ist and TInd
gsegments will be referred to as the"total'length, while that
excluding the Ist, IInd and VIth segments as the "intermediate®
length. In fig 1 the IIIrd segment is compared with the "intermediate
length of the four nymphal instars; the same segment is compared with

the "total"length of the antenna in fig 2,






FPig. 1. Relationship between the length of the third antennal
segment énd the 'intermcdiate'! segments at three constant

temperatures.



INTERMEDIATE LENGTH (microns)

L4

A |l B 15°C
3io}- 68 ]
250} s s60}- Iv

II x

: X
190}~ 440 x
x
&‘, *rx
x I xx III
130 | { 1 13 1 | i T -
30 680~ 25C
2so}- = 550}
x
190} e 440}
§ i
X
o %
x?x X
F 4
130 I i \ 1320 L I i { L
o
3o 680 28 C
250} . 560} i
e
190} a40}-
o =~
XX
aF Py
I ] | I Lgfg“x ] I ) I 1
130 320
70 . 100 130 10 190 110 140 70 200 230 260

THIRD SEGMENT (microns)



-19-



Fig. 2. Relationship between the length of the third antennal

segment and the 'total'! length at three constant temperatures.
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The distribution of .the individuals in these figures shows that
the length of the IIIrd segment in the first and second instars on
one hand and the third and fourth on the other remain distinct at
‘the same temperature, although the difference between the third instar
reared at low temperature (15°C) and the fourth instar reared at
high temperatures (25 and 28°C) is small. The "total" and
"intermediate lengths of the antennae are also distinct at the same
temperature, but their limits vary rather widely in the third instar
at 15°C, Thus their antennallengths overlap that of the fourth instar
at 259C and 28°C. It is also clear that the overlap is greater for
the "total" length than for the "intermediate" length,indicating
that the length of the VIth seguent varies widely.

The length of the cornicle increased steadily from first inster
to the adult aptera; the difference between any two nuccessive instars
being significant at p= { 0,001 level, The maximum and minimum lengths
in the four instars are presented in table 7 which shows that no
overlapping occurred between the different instars irrespective of

temperature.

Table 7. Maximum and minimum lengths (microns) of the cornicle in

the various instars.

INSTAR 159¢ 2590¢ 28°¢ overall limits

First  97.1~112.4 99.0-~110.5 80.9~97.9 80.9-112.4
Second 140.9-165.7 148.6-169.5 119.7-136.8 119.7-169.5
Third 201,9-243.8 209.5-228,6 181.9-209.9 181.9~243.8
Fourth 283.8-331.4 289.5-325,7 258,2-292.4 258,2-325.7
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Fig. 3. Hind tibia ratio of the nymphal instars at threc .constant

temperatures.
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Pig.3 shows the length of the hind tibia of the four nymphal
instars and the ratios of the first to the second instars (A) and
the third to the fourth (B). This part is greatly affected by the

temperature and the length of the different instars overlap.

D. DISCUSSION.

During their investigations on instar length in Brevicoryne
bragsicae (L.) Hughes and Woolcock (1965) kept the insect on leaf~-
dises on culture solution. Brussels sprouts leaf-discs did not
detericrate for at least a fortnight and thus the danger of damage
winile handling a very soft insect was minimised, The method is

more promising for relatively sessile aphids like B, brassicae than

o et 7

drown or escape., Losses from such causes are most pronounced under
unfavourable conditions, e.g. at critical high temperatures, when the
ephid is most restless.

The virgincpara of M. persicae appeer to he morphologically
diverse perhaps because of the widespread distribution and polyphagous
nature of the species. Many of the results obtained by different
workers in different localities seem to contradict. Cartier and
Painter (1956) stated that the body size of the nymphs varied
markedly with the host plant‘conditions. Bodenheimer and Swirski (1957)
reported that the body size of nymphs was affected by the seasonal
conditions; the biggest individuals appeared in the cool season and the

smallest in the hot season., It seems that the host plant condition
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and tuae temperature are the most important two factors conditicning
the size of the aphid within an instar. The sizes of gof't parts of
the aphid i.e. the body length and the width are the most sensitive
to these two factors and are thercfore not suitable for detecting
the various instars (table 8 and 9). Instead the less sensitive

chitinous segments have been most studied (Otake, 1966).

Table 8. Range of the body length (microns) at 15 and 25°C,

Temp. INSTAR

first Second Third Fourth
15%  524-712  657-916 905~1350 1352~1587
2500 571-743  T12-977 933161 1257-1486

Table G, Range cf the body width {microns) at 15 and 25°¢,

Temp., INSTAR
First =~ fAocond Ihird Fourth
15°C  249-328  350-516 451-838 773-998
25°¢ 286-448 14 38-59) 581-705 756~937

Soliman (1951) investigated some of the morphological characters
of the various instars by rearing the aphid in cages on potato leaves,

Sylvester (1954) rearcd them on leaf-discs of mustard, Brassica juncea

at average temperatures 24°C and 23.200; His results contradicted
Soliman's in many ways. Thus the length of the antenna, stated by

Soliman to be longer than the body length in +the first, third and
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fourth instars was found by Sylvester and by myself to be shoricr
than the body length in all instars (tables 1, 2 and 3). Soliman
also found that the IVth antennal segment was longer than the ITIrd
in the third nymphal instar, but Sylvester and myself have found them
to be equal or the IITrd slightly longer than the IVth, never vice-
versa in any instar (table 5), Soliman, also stated that in the
adult aptera segment III and IV were of equal length, while the present
results indicated a longer segment III, Thus the present results
confirm many of the findings of Sylvester. The latter refers this
controversy to the fact that Soliman used diaphane, a mounting
medium which causes the soft parts of the body to shrink, but the
present author thinks that the mounting medium or techniques of
preparation affected more the antenna, since it is this part on which
most of the differences centre. Variability of antennal segments
is also reported by Harpaz (1953) who stated that IIIrd,. IVth and
Vth segments were more veriable than all other parts of Rhopalosiphum
Sylvester's method of taking the antenna as criteria to detect
the various instars is accepted as being of practical value especially
where appreciable handling of the specimen is to be avoided. However,
the length of the antenna, in relation to the body length which he
used to differentiate between the first and second instars varies

widely and in many oases thore is overlap at the same constant

temperature (table 10).
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Rable 10. Range of length in microns of the first and second ingtar

antennae at 259C yelative to bedy length,

INSTAR
_Pirst __Second

0.687-0.875 0.735-0,890

The suggested equal mean lengths of segment IIT and IV in the third
instar was his criteria for distinguishing between the third and fourth
instars since in the latter the length of the ITIrd segment exceeded
that of the IVth segment. But measurements made in the present work
show that there is a significant difference between segments IIT and
IV in the third instar at 25°C and 28°C, although they are almost®
equal ét 15°¢ (table 5). The levels of significance being at
p=7<0.0L and p = ¢ 0.001 at 25 and 28°C respectively. However,

the IVth and Vth segments are almost equal in length at all thres
temperatures (teble 6), although inversely affected by temperature,
Therefore the evidence that the IVth and Vth segments are equal in
the third instar, but not in the 4th instar is more reliable than
Sylvester's data on the ITTrd and IVth segments, It can be concluded
that Sylvester's method is a practical one although therc will be
some error in differentiating the first and second instars; also it
seems that the relative lengths of the IVth and Vth segments of the
antenna is more reliable for differentiating the third and fourth

instars than Sylvesters's .distinction using the IIIrd and IVth

segments.
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The antenna zlthough variable has been used in most of the work
on 'classifying'instars. ‘gtake (1966) used the relationship bLetween
IITrd and the *intermediate" lengths of the antenna but found out
that it was difficult to differentiate the third and fourth instars.

" The present results indicate that it is as well difficult to
differentiate the first and second instars on the same basis as theoss
lengths overlap (fig. 1).

The hind tibia (fig. 3) is also variable at different temperatures
and the possibility of using the absolute length to distinguish
between the different instars is open to error.

Another method which is believed to give better results is here
suggested for conditions where individuals can be mounted and meszsured
i.e. where the specimen is not needed alive., The length of the
cornicle in the different insters differs in successive instars.

The maximum and minimum meesurements and the overall limits presented
in table 7 indicate that no overlappihg ecourred irrespective of
temperature. It could be eoﬁoluded that the oorniele 1ength is a
simﬁle part.to measure end wili‘give’a sound ﬁeans of detecting the
differentkinstars. ansto§>(unpub1iehed resulfe) has aleo used the
leﬁgth,ef the oofnicleiin relation tosthe ultimate rostral segment

to differentiate the first and seeond‘insfars ana also the cornicle
in reiatien to aﬁfenﬁai segment III +to differentiate between the
third and fourth insters. This confirns tl_net in any partiouler
ingtar the cerniele probably vafieé lessvin 1ehgth than do other

segments of the body.
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SECTION IT. EFFECT OF TEMPERATURE ON

THE EXPERIMENTAL POFULATION OF MYZUS
PERSICAE (SULZER).

A. INTRODUCTION.

Barlow (1962) studied the effect of temperature on the experimental

populations of M, persicae and Macrosiphum euphorbiae (Thomas) and

reported that the former was a species with a high potential for
increase, However, in nature the free progress of the population is
checked by a number of ccamplex biotic and agbiotic factors which keep
it low (Vevai, 1942; Broadbent and Hollings, 1951; Btake, 1961;
Rampseshiah, 1967; Tamaki _g‘_b___a_i_, 1967 and Mackauer, 1968). In
leboratory studies on the population of the aphid, most of the bioticand
abiotic factors can be elimina.ted;,'. and the effect of the temperature, which is
the major climatic factor regulating the rate of growth of the
population can be tested.

Temperature regulates the growth of the population by affecting
the innate capacity of the insect for increase which is calculated
from the rate of development, the fecundity and the length of the
reproductive period (Barlow, 1962 and Legay end De Reggi, 1964).
From results obtained in the laboratory under different constant
temperatures & theoretical number of the aphid in the field can be
caleulated without the effects of the controlling factors encountered
in the field. $emperature ‘affe‘cts the aphid population directly
by affecting the rate of development, fecundity and longevity of the
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individuals or indirectly by affecting the suitability of thc olant
as & host,

The effect of temperature on M. persicae has been examined in
different localities; Weed (1927) and Barlow (1962) in U.S.A.;
De Jong (1929) in Samatra; Jenjves (1945) in Germany; Rattan Lal
(1950) in India: Broadbent and Hollings (1951) in U.K.; . Maclillvess
(1958) in Cannda and Legay (1964) in France,

The present work is a study of the effects of different constant

temperatures on & population of M, persicae.

B. EXPERIMENTS WITH LEAFP-DISCS ON

CULTURE SOLUTION.

The aphid was reared on the host plants, brussels sprouts and
potatoes, using leaf-discs floated on culture solution (Hughes and
Woolcock's (1965) method). Another experiment was also done to test
population development on potted plants of the two hosts. The latter

experiment is discussed under another subheading,

(1) Materials and methods.

The experiment with the brussels sprouts leaf-discs was donéﬂggh
10, 15, 20, 25 and 29°C , that with the potato leaf-discs at 15 and
20°C, There was artificial illumination for 16/24 hours and the
relative humidity renged from 45 to 75%. The individuals used in
these experiments were taken from cultures maintained at the

appropriate temperature on potted brussels sprout plants and potato



plants for about one month beforechand. In each room about 5C (2%xi')
sample tubes were filled to within 3" from the top with the wiiure
solution. Mature leaves of brussels sprouts growing in the field
and of potted potato plants growing in 15 and 20°C controlled
environment rooms were used . for the leaf-discs. Choice of meture
leaves minimized the effect of leaf age on the insect (Kennedy,
Ibbotson and Booth, 1950; Heathcote, 1962 and Muller, 1966). A4s
M. persicac is a restless inseot (Banks, 1965; Van Emden, 1966,
especially at high &emperatures the sample tubes were kept within
a small distance of cach by inserting in a honey-comb (plate 1) set
in a plastioc box filled with water. Wandering aphids were stopped
by the water in the plastic box gnd they returned to the appropriate
leaf-disc. This is a useful improvement to the Hughes and Woolccck
(1965) method.

fbout three adult apterae were transferred to each leaf-disec
and in each room the plastic boxes holdiné the tubes werc covered
with glass sheets. After 3 hours the adult apterae and excess
progeny were removed leaving a single newly born nymph on each disc.
Observations were made at 3 hours intervals except between la,m, and
9a.m, Exuviae were recorded and removed., After maturation daily
observations were made and newly born nymphs were counted and
removed, The leaf-discs were replaced by fresh ones at least once

a week., Culture solution in the tubes and water in the plastio

boxes were topped up as required.






Plate 1. Leaf-disc on culture solution technique for the
biological study of M. persiceae.

Plate 2, Leof cage for the assessment of mortality of the
immature stages of M. persicac on brussels sprouts.
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in attempt was made to find the duration of the winged {reeth
instar nymph at the different temperatures. Too few winged trird
instars were however available except at 10°¢ and 15°C. Tho proocdure
used was the same as for the apterae. Single winged late third
instar nymphs were gently transferred to leaf-discs and at 15
observations were made at 3 hours intervals between 9am. and 1=.u,

At 109C observations were made twice daily until the individuals
became adults.

Mortalities in the nymphal stages at the different temperatures
and on the two host plants were determined. Potted plants of brussels
sprouts and potato were kept at the appropriate constant temperaturcs
fof about a week before the experiment commenced. Small organdic
oages were used. fidults maintained on the two host plants were
transferred to the lower surfaces of leaves, enclosed in clip-on
cages and left for 24 hours, after which they were removed. Leaves
and leaflets of brussels sprout and potato‘respectively each
supporting about 10 nymphs werc very carefully inserted inside the
organdic cages without disturbing the aphids, the open ends glued
together and any apertures between the petiolesand cages were
plugged with cottonwool (plate 2). About 100 nymphs were caged in
each room., After the elapse of the developmental period under each
temperature; the cages were cut open, the number attaining maturity
counted and the % of mortality under the different temperaturss
estimated. The deoth was assumed to have occurred mid way between

birth and maturity.



The intrinsic rate of increase denoted by (r) and known zc
Malthus constant was calculated. This paramecter is also the nzbtural
log. of the finite rate of inercase which is defined as the nurber
of times a population will increase in a unit time, The metho?l
used is the one described by Birch (1948) and by Leslie and Park
(1949) working on stored products pests. A4 preliminary intringic
rate (r) was caloulated from the equation

Ngwd = of
Ny

where Nt is the number of insects at time t and Nt + 1 the nwbor
of insects one unit of time later, Then an accurate value of 'uf
which best satisfies the equation below was calculated by trial
and error subsbitution:
f«; e X Ix Mx =1

C——

where x = the midpoint of each age group

Lx = the survival rate

Mx = the age specific fecundity rate.

&lso the method provided a useful tool by which the number of times
2 population will multiply in one generation denoted by R, could be
aaloulatbdic " This is determined by suming up Lx Mx for each age

group for values of Mx ) O, Summing up of Mx alone for all the age

groups is referred to as the gross reproduction rate.
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(2) Results,

(a) Rete of development.

Tables 11 and 12 present summaries 6f the results'dﬁtainei under
the five and the two comstant temperatures on biussels sprouts snd
potatoes respectively. It is descernible that any rise in fespevature
between 10-290C was followed by a fall in the duration of ths
development (tebles 11 and 12), However, the difference in
developmental periods resulting from 59C rise at the lower temperatuvres
off the experiment was high and this difference tended steadily u»
diminish until the difference was only about 12 hours with the
temperature risc from 25 to 29°C., This implied that any further
rise in temperature might have a retarding effect on the rate of
development, Correlation ccefficients calculated for the sets of
figures including and excluding the 299¢ were ~0.932 and ~0,965
respectively. Both were significant at p = < 0,05,

At corresponding temperatures, the proportional lengths of the
different ingtars dred on the +wo host plants were almost equal.
Teble 13 shows ratios of the varioué ingtar durations to that of
the first instar at the five and two constant temperatures. Among
the four instars, the fourth was of longer duration, the third and
the sccond were the shortest and were almost equal to each other,
while the first was very slightly longer that the second and the
third., The total times for development in the two host plants were

almost equal at the 20°C eonstant temperaturc, but 1.49 days
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Table 11. Effect of temperature on the verious funotions oi

M. persicac rcared on brussels sprouts leaf-discs.
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Effect of temperature on the various functions of
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shorter on potatoes at 159C (difference significant at p = ¢ 0.01).
Fig. 4 shows the relation between temperature and the duration and
rate of development at the five temperatures on brussels sprouts,
The developmental period showed a curvilinear rclation while the rate
of development and temperature followed a sigmoid curve, Vhen the . .
rates of development were plotted ageinst temperature on log. paper
(fig. 5) the points at the lower 4 temperatures fell in a wvirtually
straight line, The values at these 4 temperatures wcre used to

calculate the regression of rate of development on temperature,

Table 135, Ratios of instar durations to that of the first instar

reared on brussels sprout and potato leaf-discs.

Brugsels sprouts Potatoes

Temp. INSTAR INSTAR

First Seccond Third ’Fourth Tirst Second Third Fqurth
10 1,00 0.91 0.91  1.15 o
15 1.00 0.96 0.97 1.12 1,00 0.85 0.92 1,13
20  1.00 0.80 0.82 0.99 1,00 0.88 0.91 1.16
25 1,00 0,88 0.93  1.09 |
29 1,00 0,93 0.95 1.1k

The relation between the rate of the development of the four
nymphal instars and temperature was then calculated. Fig. 6 shows
that this followed a straight line for the L stages of development.

According to Bodenheimer and Swirski (1957) working on several aphid
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Fig.-h. Effcct of constant temporatures on period and rate of

development of M, persicae (Sulzer).
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Fig. 5. Relation between constant temperaturc and rate of

development on logarithmic scele.
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Fig. 6. Rote of development of the four nymphal insters at

different constont temperotures.
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species and Hughes (1963) on Brevicoryne brassicae (L.) the rate of

development is proportional to the temperature above the threshold
value (X). This threshold was estimated in this work to be 3,8,
L.54, 4,01, LA and L.21 for the first,second, third, fourth instars
and adult apterae respectively. The product of temperature above (x)
and the developmental period is considered to be constant and is known
as thermal constant, Such results can be used to estimate the
developmental period of all the stages within temperatures varying
from 109G to 25°C. The figures were 77k, 641, 690, 795 and 2899
hour-degrees ¢° for the 1st, 2nd, 3rd, 4Lth instars and adult apterae
respectively, ’

The durations of the alate fourth instar at 10°C and 15°C were
8.50 and 5.42 days respectively. They were longer than the durations
of the corresponding apterae. The pre-larviposition period followed
the same pattern as the developmental period up to 25°C. 4t 29°¢

it was 3 hours longer than at 25°C.

(b) Fecundity.

The average number of births per female and the rate per fecmale
per dey of the individuals bred on brussels sprouts leaf-discs rose
steadily with rise in temperature and reached a maximum at 259C,

L sharp drop resulted at 29°C (table 11). Fig. 7 (4-E) shows age
specific fecundity rates, each point indiceting the number of young
born per week per female alive at the mid-point of each week. At
109C the young were deposited over a long period (about 3 weeks)

with two small peaks, the bigger one being after the 6th week.
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Fig. 7. Survivel and fecundity rates of }M, persicae on brussels sprouts

leaf-discs ot the five constant temperaturcs.
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for
4t 159C reproduction started earlier and lasged|a shorter period

(2 weeks) with a peek after the 3rd week., Lt 20 and 259C the peaks
of reproduction were reached at the same time (2.5 weeks) being
slightly higher and sharper at the latter temperature, .t 29°C the
peak of roproduction, which was a small onc, was reached after the
first week and was then followed by a sharp drop. The duration of
the larviposition period was negatively correlated with temperature,
the drop being sharp at 29°¢ (table 11).

More young were deposited on the potato leaf-discs at 159C
than et 200C, thus showing a different pattern to the one on brussels
sprouts; also more were produced on potato than at the corresponding
temperature on brussels sprouts, the increase being about 100% and
2050 at 159C and 20°C respectively., TFig. 8 (4 and B) shows the mean
weckly rates of reproduction. The peak of reproduction was in the
fourth week at 15°C and slightly before the L4th at 20°C, The
reproduction period was also longer than on brussels sprouts especially

at 15°C where it was about 80% longer.

(o) Longevity.

Mortalities during the nymphal. development on brussels sprouts
were 16.7, 8, 0, 28 and 41% at 10, 15, 20, 25, and 299C respcctively.
Fig. 7 (4~E) shows the longeyities of the individuals started with as
survival rates at the different constant temperatures., Each point
represents the number of females alive at tlhic mid-point of each week.

This is plotted as the prdportibn of the 100 n&mphs with which the
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Fig. 8. Survival and fecundity rates of M. persicac on potato

leaf-discs at 15 and 20°C.
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experiment was started. The results alsc showed a negative correlation
with the temperature (table 11),

Mortalities in the nymphal stages on potatoes was considerably
higher than on brussels sprouts, the percentages being 20 and 4O
at 15 and 209C respectively, The longevities followed the same
trends as on brussels sprouts but were greater on potato especially
at 159, Fig. 8 (A and B) shows the survival rates of the population
at different ages, 4t 159C 50% mortality of the total number
occurred after 5% and 4 weeks on potatoes and brussels sprouts
rgsﬁectiVely, although at 20°C it ocourrcd in about. 3 weeks on both
hoét plants. On both hosts thc pre-dcath period decreascd stcadily
with rise in temperaturc to 25°C but at 29°C an opposite reaction

was indicated (tebles 11 and 12).

(d) The intrinsic rate of incrcase.
The intrinsic rate and the finite rate of increase exhibited =

positive correlation with temperature up to 25°C on both host plants

in contyast vx :
buttreia%§ve to the lower temperatures it was negatively correlated
with temperature at 29°C. it 15°C the calculated rates of increase
on potato werc slightly greater than on brussels sprouts, On brussels
sprouts the rate of multiplication per gencration (R,) attained its
maximum at 20°C and decreascd above and below this temperature; but

on potatoes it was greater at 15°C than at 20°C and at this temperature

(150C) it was about double the figure on brusscls sprouts.
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C. POPULLTIONS ON POTTED PLANTS.

(1) Introduction.

The population study of Myzus persicae on pptted plants of

brussels sprouts, Brassica olcracca gemmifera and potatoes, Solanum

tuberosum, variety Majestic was done at 15 and 20°C constant
temperatures., The two spceies avre important secondary hosts and can
support large populations of the aphid in the ficld when conditions
are favourable. Shaw (1955a)and Broadbent and Heathcote (1955)
reported that in England aphids from overwintering secondary hosts
Play a bigger role in infesting crops in spring than do aphids

from peach, the primary host. Heathcote (1962) cxamined thc value of
a wide range of secondary hosts of If, persicaec and concluded that

the aphid did well on Brassica spp.but less well on sugarbeot,

spinach and lettuce.

The following expériments aimed at comparing the suitability
of brussels sprouts end potatoes by breeding the aphid on leaf-discs
floated on culture solution as used by Hughes and Woolcock (1965),
and also on potted plants of the two species watered with tap water,
Information on the effect of different nutrients on the aphids is
reported by various authors. Vijverberg (1965) working on
M. persicac on potato recorded an increase in infestation when the
aphids were reared on plants receiving high N/X ratios, Dadd and
Mittler's (1965) results showed that X, Mg and P were esscontial for

adult survival and larviposition. Van Emden (1966) comparing the
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reproduction of Brevicorync brassicac (L.) and M. persicac on

brussels sprouts supplied with different rates of nitrogen and
potassium reported thet an inerease in N or decrease in K resulted
in an increase in soluble nitrogen level and that the fecundity of

M, persicac showed a positive correlation with this, while B, brassicae

showed a markedly smaller response. Thesc results contradicted those
of Michel end Chautbéu (1963) who reportcd that the fecundity of

M. persicac bred on leaf-discs out from tobaceo glants grown in
nufrient solutidh was inercased by X and decreaﬁed by N, This
difference and other confliéting results could possibly be due to

the different plant or aphid species used, the different formulations
of the nutrients or the differences between experiments in the ficld
and laborabtory, A more convincing explanation could be attained if
such studies included investigations of changes in the plants
cauged by the nutrient treatments (Van Emden, 1966),

The study of population growth in the laboratory on potted
plants eliminated the impact of factors encountered in the ficld
such as drought, natural enemies and heavy roins., Thus the 'free!
progress of the population is obtained by counting at intervals.

Prom the data on leaf-disc experiments, a theoretical population
growth under uncrowded conditions can be calculated. The comparison
of the observed on the potted plants and the calculated population
could indicate the stage in population growth at which the aphids

mutually benefit from each other and also the stage when the
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population is large cnough for the individuals to begin to compete
with each other for food and or space, This stage is marked by
slowed rate of reproduction and increased developmental mortality
(Way and Banks, 1966; Way, 1968).

An aphid speoies mai.ntained on a particular host plant might
be deleteriously affected when transferred to a different species
of host plant, Heathcote (1962) while culturing all his aphids

on turnips, Bragsica campestris rapa reported, nevertheless, that it

was likely to be more unsettling flor an aphid to be moved from one
host species to another species than ‘o be moved from one variety of
a species to another., In this experiment, the population growth

on potatoes and brussels sprouts, of aphids maintained previously on
brussels sprouts and potatoes was investigated i.e., aphids were

transferrcd to the other host plants as well as to the same one.

(2) Materials and methods.

The constant temperature rooms in this experiment were the

samc as already described, In the two rooms apterous females from
a population maintained on brussels sprouts were transferred to 2
fresh brussels plants, left overnight to reproduce and then removed.
About 60 of their nymphs were ailowed to develop to maturity, In
each room 10 brussels and 10 potato plants initially about 6" tall
were kept for about one week and then a single newly matured adult
from brussels sprouts was transferred to each. A cellulose acetate

ring, about 1" high with fluon applied to its inner wall, was placed
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round the plant to stop dislodged aphids from crawling away. The
plants were then transferred to Watkins and Doncaster cages. Daily
observations were made for the first few days to ensure that the
aphids had settled. Later, counts of the aphid numbers were made
twice a week for 3 weeks.

Another set of experiments was done in the same two rooms using
the same procedure as above except that the culture was maintained
on potato plants for two months before the aphids were used, The

plants were watered with tap water twice a week.

(3) Results.

Table 14 presents a swmmary of the results. It can be seen
that bruseels sprouts is a more suitable host than the potatoes;
the mean numbers (A compared with F at 20°C; € compared with H at 159C)
on the brussels being significantly more at p=<¢ 0.05 level at both
temperaturcs, With aphids initially cultured on brussels sprouts
(A compared with B at 20°C; C compared with D at 15°C) the differences
when transferred to brussels and potatoes were significant at
p = € 0.001 level at both temperatures. The difference being significant
at p = ¢ 0,001 level under I and at p = £ 0,05 level when aphids
were transferred from the same plant implied that transferring aphids
maintained on brussels sprouts to potato slowed the rate of multipli-
cation., The reverse of this is not true since (E) population was
higher on brussels plants infected with individuals maintained on

potatoes than those infected with individuals maintained on brussels (4).
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Table 14, The mean numbers of i, persicac after three weeks in

the various trecatments,

I 1 IT
Original culture on brussels Original culbure on potatoecs

20°¢ 15°¢ 20°¢ 150¢

Brussels Potato Brussels Potatoj Brussels Fotato Brussels Potato

(&) () (c) (D) @ _  _® () (1)
544468 55420 20543k 2949 | 8644140 377418 143+16 105415

Tt was noticed that tempcrature 15°C was more favourable for
the potato plant than 20°C. At the former they were healthier and
were giving continuous fresh growth, wherc.as at 20°C growth was slow.

Fig. 9 shows the calculated and observed numbers of the aphids
on the two host plants at the two constent temperatures. It can be
secn that the calculated number is bigger than the observed in all
treatments. The difference being greatest on both host plants at
20°C and on potatoes at 15°C. The caloulated and the observed lines
remained similar until the beginning of the second generation when
they began to depart. At 20°C the calculated numbers were almost
equal on both host plants, At 159C the second generation started
about 1} days earlier and the difference between the calculated and
observed numbers was very large by the end of the experiment (Fig. 9D).

At 20°C the rate of progress of the population on one of the
brussels plants was remarkably high. The final number was more than

double the mean and about 5 times that on $he lowest plant-population.
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Fig. 9. The potential and observed growth of aphid populations on

brusscls sprouts and potatocs at 15 and 20°C.
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The leaves of the plant were covercd with rounded black spots,
possibly a virus inf'ection. The population development on this plant
agrees with Baker's (1960) and Macias and ¥ink's (1969) reports

that M. persicae preferred lcaves of sugarbect infected with virus

to healthy ones and that they bred more rapidly and lived longer on

them.

D, DISCU3SIOK.

(1) Leaf-disc experiments.

Results obtained on brusscls sprouts at five constant temperatures,
relative humidity ranging from 45 to 75% and 16/24 hours photoperiod,
indicate that temperature,by regulating the rate of development,
feceundity and longevity of M. persicac,controls its innate capacity
for increase.

The rate of development from birth to adult inereases with rise
in temperaturc betwecen 10 and 29°C, the duration ranging from 19,87
to 5.31 days. Table 15 shows a sumnary of the development period
reported by previous authors and that obtained at the present work,
Weed's (1927) results, for the first four temperatures, agreed
Basically with the current findings, but at 28°C the duration was
longer then at 24°C, which contradicts the present result, ‘eed
made no mention of culture conditions of the insects before the
commencement of the experiment, but the fact that thc duration of

the first instar was shorter at 28°C than at 24°C, while those of
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other 3 instars were longer, suggests that the individuals he used

were not acclimatized to the temperature before the start of the

experiment. De Jong (1929) reported that M, persicae completed

development in 7 days, a figurc which is longer than in the preagant work,

Lal (1950) cxperimecnted on the cffcct of three temperatures.  fis

figures, although less than the ones at present, nevertheless follow

almost the seme trend. Barlow's (1962) figures at 10, 15, 20 and 25°C

were remarkably short compared with the present data especially at

15°C (table 1A).

He also stated that the aphid failed to develop

at 30°c.

Table 15. Summary of results by various authors on development period.
(Temperature in °C in parenthesis,)

Author Host plant  Temperature and development period.(d&YS)

Weed(1927) Spinacia sp.'zo.a(lo) 11.4(16) | 8.3(21) 6.5(2&)? 7.2(28)

De Jong(1929) Ipomoea: sp. 7.0(30)

La1(1950) Brassica sp. 7.0(18)| 6.5(26) | 4.3(20)

Barlow(1962) Nicotiana spl16.8(10) 6.3(15)| 4.9(20)} &4.2(25)| =~ (30)

Présent ‘

author Brassica sp.|19.9(10) 11.8(15) | 7.6(20)| 5.8(25) 5.3(29)

In the present cxperiments the larviposition period followed

the same trend as the developmental rate, the shortest being at 29°C

ftable 14).
from 10 to 25°C (table 1).

The fecundity was least at 29°¢ and steadily increased

The number of progeny per female per

day were 1.3s 2.9, 3.5, k.4 and 2,6 nymphs at 10, 15, 20, 25 and 29°C

regpectively.

This agrees with Weed's results which were 1,8, 2.6,




52~

3.2, 3.7 and 3.0 nymphs/femalc/day respeotively, Different authors'
results however vary. ILal (1950) recorded 30.5 and 28.9 nymphs as
the average per female at 30°C and 26°C respectively, the former
being much more and the latter much less than the prescnt results.
Heathcote (1962) quoted 17 nymphs/femalc at 20°C which is less than
half the value obtained by the writer,

The calculated intrinsic rates of increase at ccnstant
temperatures of 10, 15, 20, 25 and 29°C arec 0.57, 1.1, 1.5, 1.8 and
1.3 respectively. These values depend on nymphal development period,
fecundity, larviposition period and mortality in the immature stages.
The maximum rate of reproduction and the age at which this is attained
is a morc important factor in conditioning (x) than total nymphs
deposited through the whole life span; therefore, only the progeny
in the first few weeks have a sizeable effect on (r) and (Ro).

From table 1} and fig. 7C & D it can be seen that although (Ro) at
20°C is more than at 259C, yet (r) at the latter temperature is more.
This is partly due to more progeny being born in the first two weeks
at 259C.

The values of (r) prescnted by Barlow (1962) were 0,84, 2.38,
3,13, 3,15 and = ¢ at 10, 15, 20, 25 and 30°C respectively. These
figures, although they agrece in gencral trends with the present
result from 10 to 25, are rcmarkably larger., However, the present
results almost agree with the findings of Degmy and De Reggi (1965)

whose values for (r) were 2,1 - 2.3 on 0ld cabbage leaves and 1.3 = 1,9
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on young - cebbage plaifs at 20°C,. This indicates ¥het.apart fiom
témperature, the stage of growth of the hosb plant greatiy affects
the value of (r). In the light of results obtained here and those
cited by Barlow it is conecluded that 25°C is the most suitable of
the constant temperatures tocsted for rapid population growth of

M. persicac.

Conflicting results prcsented in the foregoing discussion could
be because the different authors uscd different plant speeies or
because M. persicac is a sensitive insect affected by slight changes
in the enviromment or it compriscs biological races which react
differently to the same environment,

Results with brussels sprouts and potatoecs erxhibited intercsting
differences (tables 11 and 12). At 20°C development was completed
on average about 5 hours quicker on brusscls, while at 15°C it was
about 36 hours slower than on potato. The larviposition period and
longevity on brussels was less than on potato at both temperatures,
the differences being highly significant at 15°Q (p=¢ 0.001).
Feeundity also followed the same trends and on potato it was about
100f and 20% morc at 15°C and 20°C respectively (tebles 11 and 12),
To summarisc, it appears that the potato leaf-disc was more suitable

than brusscls sprout lecaf-disc for these processes especielly at 1500.

(2) Populations on potted plants.

After 21 days the population was grecater on potted brusscls

sprouts than on potatoes at the two temperatures (table 14 mnd fig. 9),
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The very slow rate of multiplication when the individuals were
transferred from brussels to potatoes (table UgB and D) and the
unaltered rate when opposite transfer was made may be of practical
importance, The plant on which the aphids overwinter as viviparous
females may for example affcct the size of the aphid.population on
other commercial crops. During the cxperiments it was observed that
individuals transferred from brussels sprouts to potato were restless
-Qnd did.nqt settle except after much wandering during which some

were lost and had to be replaced, After the opposite transfer the
individuals initially found it difficult to grip the leaf of the

brussels, but soon settled and started reproducing.

(3) Comparison of populations on

leaf-discs and potted plants.

Population counts on potted plants indicate that brussels
sprout is a more suitablé host plent than potato at 15 and 20°C
(tabie 14). Data presented in tables 11 and 12 using leaf-discs on
culture solution show the opposife i;e. potato is the more suitable
host. The apparent differecnce betwecen the two treatments is that in
the first condition whole potted plants with young and mature leaves
were supporting the population, whilbcinthe second,leaf-discs from a mature
leaf*: floating in nutrient solution supported the aphid. The
nutrient materials included calcium, potassium, magnesium, phosphorus,

iron, sulphur and nitrogen (Hughes and Woolcock, 1965). Vijverberg
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(3965) and van Emden (19665)vorking on i, persicac on potato and
brusscls respectively reportcd that treating the plants with N and K
increased the fecundity of the aphids. The present results demonstrate
that at 20°C the aphids on potatd leaf~-discs werc mere fccund than

on brussels sprouts, although the developmental period was slightly
longer on the latter. This suggests that potato has benefitted more
than brussels from the nutrients. The results at 15°C further
confirn this because the aphid has a remarkably shorter developmental
period and greater fccundity on potatoes. This is in agreement with
the observation that at 15°C, but not at 209C, potato plants produced
fresh growth continuously and that the leaf-discs on the oulture
solution increased in size and devcloped adventitious roots,

The potential rates of increasc calculated fvomthe data on leaf-
discs of the two host plants and the observed rates on potted plants
of the two specles at the two constant temporatures indicate that
the two populations differ in size (fig. 9). The differcnce was
greater on potatoes particularly at 15°C. This discrepancy could be
attributed to a possible difference in the relative suitability of
the wholec plant and the leaf-disc on culture solution to thc aphid.
This is particuiarly true at 15°C where the population was probably
not large enough on potted plants to cause intra-specific competition
especially with M, persicac which does not occur in compact colonies.
However, at 20°C where the populations rose in 21 days to 54k and 377

on small brussels and potato plants respectively, the number possibly
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increascd enough to initiatc competition between the individuals
and legd to the deterioration of their quality. Therefore, the
difference at this temperature might,at least in part, be duc to

competition, TFurthor work is necded to clarify ithese points.
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SECTION YIT. THE EFFECT OF CRITICALLY HIGH

AND 10V TEMPERATURES ON MYZUS PERSICAF STLZER.

A. INTRODUCTION.

Temperature is important in determining size, fecundiiy,
longevity and rate of development in insects, The latter 3 physiol-
ogical characters are especially important parameters influencing
the intrinsic rate of increase in insects, 3Size which is veduced
under unfavourably high and low temperaturcs has also an indirect
effect (Murdie, 1965) since it has been shown %o be positively
correclated with fecundity. A long exposure to high or low
temperatures can alter the insects response to other temperatures.
Therefore, the knowledge of the thermal history of an insect is
important and may perhaps explain contradictory results Shat have
been obtained with I persicae, for example {Lal, 1951 and Barlow,
1962).,

Most of the work done on this line has involved cxamining the
effect of temperature for one generation, No detailed studies scem
to have been made on the effect of critically high and low
temperatures on successive gonerations of insects or on their recovery
when returned to favourable temperature conditions. Murdie (1965) has,

however, produced some relevant date using the aphid, Acyrthosiphon

pisum (Harris). The experiments described in this section were
designed to study the effcet of critically high and low tempcratures

on several successive generations of M, persicac. Such information
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is particularly important for understanding the dynamics of .
M. persicac in the parts of its distribution range with cold winters
c.g. North and South temperate regions or hot summurs a.g. plases

with Continentsl, Meditorronean or Tropisal olimato,
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B, EBEVIEW OF LITERATURE.
(1) Acclimatization,

Climatic regions influence, through verious factors, the nunber
and species of insects within them, their abundance and aistribution.
Seasonal and local variations of some of these factors within these
regions, temperature being of major importarce, cause intrasvecific
variations in insedt size. However, previous cbsewvations indicate
that a species can movc from its habitat and spread to another which
was previously %oo cold or oo hot {Uvarov, 1$31). An cxarple was
cited by Hinds (1907) in connexion with the gradual extension of
the range of the cotton-holl weevil from Mexico to the United States.

Shelford (1929) distinguished two concepts, acclimatization and
acclimation. By the latter term he meant the adjustment in
constitution or response of an individual transferred tc & ses of
conditions, while acclimatization meant the changes resuliing from
a long exposure involving several generations. But Uvarcvy (1931)
stated that there was no difference between the twe terms, since
acclimatization to new conditions cannot be expected unlegs the
individuals subjected to the new conditions can survive and reproduce

under them, Smith (1957) working on Drosopaila subobscura reported

that temperature during pre-adult life had a more®long lasting®
effect on the capacity of adults to withstand exposure to high
temperatures than the relatively short exposure of thc adult life
itself. He clessificd thesec as developmental end physiologieal

acclimatizations respectively.
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First records on this phenomenon were made from the natural
habitats of insects. Bremer (1928) reported that a miid end wet
autunn followed by 4 sudden frost was more injurious tc several
insect species than a dry autumn with a gradual aecr;asc in temperature.

Bodenheimer and Klein (1930) found that the ant, Messor semirufus

was more resistant to heat in July than in March, W%alshe (1948)
showed that ghironomids collected from streams below 159C had less
resistance to heat than individuals taken from still water &t 20°C,
Acclimatization to high or low tempevatures has conditioning
effects on the insect activity, its chill and heatwcomas and

mortality. Thus Colhoun (195Lk, 1960) found that Blatelle germanica

acolimatized at 15, 25 and 35°C had become aciive at minimum temveratures
of &, 5 end 7°C respectively. Mellanby (1954) pointed out that the
activity of insects was limited at low temperatures by the chill-coma
and &t high temperatures by heat-coma point. The range could be

altered readily by pte-exéosure of the ihdividuals to high or low

temperatures. Using Tencbrio molitor he showed that insects

acolimatized at 379C could survive at 42°C while the ones odapted o
30°C died at 42°C. Colhoun (1954) exemined the chill-coma of

B, germanioa acclimatized to 10 and 156C and lound it %o be the seme
for the two temperatures, In view of this he concluded that there
was & temperature for this species (15°G) below whioch further

acclimatization did not take place.
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Love and Whelchel (1957) tested the effect of high temperature

on the immature stages of Anopheles quadrimaculatus nnd stated thed

mortality was affected by tomperature, time of exposurs and tie
rapidity with which témperature changed. Mortelity was veduced when
femperature was raised slowly; larvae suffered 50% death when
temperature rose quickly to 37°C yet could survive a maximum of 542°C
if the increase was gradual.

In the examples refiewed asbove, it was chown {hat insests
subjeocted to high or low temperatures becams adapted to
higher or lower temperatures; thelr development, elthough checked,
was completed. But Mellanby (1938) indicated that exposure of

Lucilia sericata to high tempsratures terminzied the normal drocesse

of development and led. tc diapause, thus reandering it resistant
to high temperatures. He atiributed this t2 the destruction, by

high temperature, of hormones controlling the developmental processese

Wgglesworth (1952) recorded similex results withk Rhodnius prolizus,

Baldwin (1954) drew the attention of other workers %o the fact
that acelimatization was not a simple case of rearing on inssot
under a high or low temperature to render it tolorant to higher and

lower temperatures, because the determination of temperature

tolerance was oomplicated by “he age of the insect, the humidléy and

eared a

o+

5

the thérmalihistbny‘, He gave an example:of some Lnseots
17°C belng more tolerant %o hlgher tempe*ature than ones reared a
3°C, the explanation was that more ‘water was lost at 17°C during the

longer deVelopmental period at 17°c, the rate of loss of water at

~
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17 and 23°C being the same.

Baldwin and House (1952, 1954) indicated that acclimatization
to lethal high tcmperature was associated with an increase in the
specific gravity and the osmotic pressure of the haemolymph. Their
hypothesis suggested that a decrease in the percentage of water in
~ the protoplasm of insects resulted in a higher tolerance to lethal
high temperature, Mellanby (1934) demonstrated that exhaustion of
food reserve was a factor contributing to death at high temperatures,
but since.starvation and the rcduction of osmotic pressure of
haemolymph go together (Wigglesworth, 1938) they lead to the same
result,

Results presented by most of the mentioned authors indicate
that the adaptation is reversible, but Simpson (1953) and
Weddington (1953) suggested that environmentally acquired characters
could somehow become genetically controlled, Simpson propesed three
steps in acquisition:

(1) The appearance of new characters due to interastion with
temperature.

(2) Ocourrence of genetic factors which control the ssme
acquired characters.

(3) The process of the spread of the genetic factor in the

population.
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(2) Bffect of temperature on sizc.

The trends and magnitude of changes of the size of insects
during the process of acclimatization has not received much
attention. Howcver, many observations have been made on the inter-
action betwecen size and temperature. It is generally accepted that
high temperatures reduce‘and 1owvtempcratures;'ﬁithin 1imitafibns,
increase the size of insects. Titschack (1925, 1927) experimen%ing

on Tincola bisclliella at 30, 25, 20 and 15°C recorded the weight of

the female insccts to be 4.18,‘5.06, 5.53 and 5.9 grms respectively,
Uvarov (1931) explained the small size of insects at high temperatures
to be due to a higher rateléf devélopment oompared with relatively
a slow uptake of food, Mh?die (1965) quoted Imai (1933) as stating
that "at low temperature, érowth ocours slowly and more completely,
while at high temperatures\growth proceeds morc rapidly and with
less integrated completencss.

At temperatures near the lowest threshold for development, the
size of insects is also redﬁdéa;- In these conditions, although
the rate of development is §16w; perhaps the food uptake is slower
or the food wuality is poorer. A possible example of slow food
uptake was presented by Burges and Cammell (1964) who reported thet

the weight of Trogoderma altthrenoides was reduced at temperatures

near the lower and upper threshold for development,
Several workers on stored products pests have demonstrated

that size was negatively correlated with temperature. Species
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studied include Acanthoscelides obtectus (MEnusan5 1956); Ephestia

elutella (Waloff, Norris and Broadhead, 1948) and Sytophilus oryzae
(Reddy, 1952), Similar results werc reported on Diptera; Golightly
and Lloyd (1939) and Golightly (1940) observed scasonal size variations
pfipgzchoda'gnp.in the field under different larvel orowding and
temperature conditions and in the laboratory at different
temper;tﬁres,and concluded that temperature was the most important
single factof controlling the size of the specics. Hosoi (1954)

worked on Culex pipiens and showed that the larvae reared at high

tempeféture.developed into smail adults.,

Aphids ﬁave not received intensive quantitative study. Most
of the authors who referred to the effect of temperature simply
stated that\thay were "undersized®, "small", "minute" or ‘degenerate"

when reared at high temperatures and "bigger" or "heavier" at low

temperatures. Rivny (1938) working on Toxoptera aurantii stoted
that the very small mumber of iymphs which survived at 30°C
developed into small adults and died without reprbdncing. Aphis
chloris reared at high temperature were smaller and yellower than
normal ones (Wilson, 38). Xenten (1955) experimented on the effect

of 29 - 309C on Acyrthosiphon pisum and stated that the aphid showed

dbﬁormaiities, the most important being the small size of the adult,
Bodenheimer and Swirski (1957) observed that the size of aphids
collected in late winter were bigger thanthose collected in late

summer, but they were not sure if this was the result of differing
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nutritional conditions of the host or seasonal changes in the
endoecrine secrction in the insect induced by the different
environmental conditions, Muller (1966) stated that the size of

A. fabae increased with rise in temperature from 5°C and reached

a maximum at 14 ~ 15°C af‘ter which it declined to reach its maximum
size at 30°C,

Murdie (1965) reared Acyrthosiphon pisum at constant temperatures

ranging from 10 to 28°C and showed that the size of the aphid
followed this order of decrease in relation to temperaturc 15310%
205 257»>28°C. At 25°C three generations were bred and their -size
decreased successively to the 3rd generationiwhen the adults of Fy
were transferred to 20°C, the size did not recover to the normal in
the first generation, but approached the size of individuals kept

at 20°C in the 2nd generation, MMEdié also studied the size variation
of other parts of the body and concluded that the proportional

sizes of various characters varied within the different generations.

Husain et al (1944) working on Schistocerca gregaria reported

that raising the temperature from 27 to 40°Q reduced their weight,
but more important that the relative proportions of the various parts
were altered in a way whiéh implied that high temperature induced the
development of "gregaria® characters. Imai (1933) stated that the

different parts of Drosophila sp. decreased at different rates under

high temperaturcs; the femur was more stable than the wing length.
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(3) =Effect of temperature on reproduction.

Critically high and low temperatures reduce aphid fecundity,
These tomperatures vary from one species to another and also very
for the same species according to the thermal history of the
individuals (p.138). Most earlier work centred on testing the effect
of high or low tcmperatures on aphids' fecundity without pursuing this
effect on the successive generations or seeing the trend of recovery
when these insects were transferred to suitable temperatures. Rivny

(1938) reported thatToxoptera aurantii deposited a few nymphs at

119C and were sterile at 7°C. Temperatures above the optimum also
reduced the number of progeny and at 33°C the aphid ceased to
reproduce,
Lawson {1941) stated that high temperature (300C) stopped repreduction
in aphids in about 10 ~ 11 days; the first deposited nymphs matured

while the ones born later died before becoming adults., Acyrthosiphon

Ppisum reproduced about 32 nymphs at low temperature ranging from 5

to 9°C and the number of progeny increased with rise in temperature
to 259C, Any further rise in temperature was followed by a reduction
in fecundity and the aphid ceased reproduction at 29 - 30°C. (Kenten,

1955). Lees (1959) working on Megoura viciaec demonstrated that 259C

was near the upper limit for its continuous reproduction, and
dissection of adults maturing at this temperature revealed a number
of degenerating embryos. The maximum number of progeny was produced

at 15 - 20°9C, and although the adults often containecd embryos,
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reproduction ceased at 8°C. These adults when transferred to 20°C
deposited about 4 nymphs cach.

According to Barlow (1962) Macrosiphum euphorbiae deposited

34 nymphs at 59C, reached a maximum at 10°C (50 nymphs) and then
decrcased to 14 at 250C. At 309C it failed to reproduce. Murdie

(1965) studied the fecundity of Acyrthosiphon pisum at constant

temperatures ranging from 10 to 28°C and recorded a minimum number of
progeny at 28°C followed by 10°C. 4 number of generations were
produced at 25°C and the progeﬁy decreased steadily in the successive
generations. Récovery when transferred to 20°¢C was quicker the

smaller the number of generations at the high temperature,

(4) Effcct of size on fecundity.

Literature reviewed under the previous subheadings indicated
that size and fecundity were inversely related with high temperatures
and also, within limits, with low temperatures. It follows that at
optimum temperature the species attains its maximum size and fecundity,
although this temperaturc is not necessarily the same for the two
charactcrs. |

Fecundity is the number of nymphs deposited by a female throughout
its life time, and although the absolute number may be high at the
optimum temperature it is not the only criterion for a suceessful
inorcase in the nugbers of the aphid (p. 62 )¢ Focundity can be

assessed either by counting the nunber of nymphs deposited by the
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female during itsdeposition period or by dissecting the ovaries to
reveal the number of embryos. The latter method is not reliable and
does not give a good estimation because at extreme temperatures

some nymphs within the adults are not deposited (p. 76). Webber

(1955) and ven den Heuvel (1963) working on Lucilia cuprina and

Acdes aegypti respectively stated that the number of ovarioles

depended on the size of adults, "True" fecundity was positively
correlated with the size of Psychoda spp. (Golightly, 1940); Plutella

maculipennis (Atwal, 1955); Cadra cautella (Tokahashi, 1956);

Phytodecta olivacea and Phaecdon cochleariae (Donia, 1958).

Murdie (1965) observed that although the size of A, pisum
reared at high temperature was directly related to the fecundity,
yet when the individuals at the high temperature were transferred
to a temperature of 20°C, the recovery did not cccur at the same rate
for the two characters, In the 2nd generation the size approached
the normal for the individuals oonsﬁantly kept at 20°C, but the
fecundity was quite low,

Deﬁelopmental period is an important parameter in insect
multiplication. All the research done on aphids in this respect
has been based on results with the first generation at a particular
temperature, - Quantitative work on the developmental periocd for
successive generations at critically high or low temperatures or on
recovery when rceturned to favourable temperatures has not been

attempted before with aphids.



C. MATBRTALS AND METHODS.

First, the critically high temperature was determined, The
first experiments were dono at 299C, but the population failed after
one generation and most of the first generation individuals died
during development. Two gencrations were bred at 28°C before the
aphid failed so most of the work was done subsequently at 27.5°C.

The chosen critical low temperature was 10°C at which the rate
of development of one generation was about 4O days so only two
generations were bred. M. persicac reared at 20°C were used as controls.

The effects of temperature on siz¢, fecundity, reproductive
period and longevity of the aphid werc tested at 10, 27.5, 28 and 29°C,
but the effect on the development period only at 27,5°C. During all
experiments the illumination was for 16 hours a day and the relative

humidity ranged from 45 to 75%.

(1) Developmental period.

(2) The effect of 27.5°C on successive generations.

About 50 adult apterac recared under uncrowded conditions on
brusscls sprouts at 20°C were transforred to two small brussels
plants. The adults were rcmoved after 2 days when some nymphs had
been deposited on each plant., The two plants were then placed in
Watkins and Doncastor cages and transfcrred to 27.5°C constant
temperature. Another sct of cxperiments was concurrently done at

the same temperature (27.5°C). 50 adults reared at 20°C were
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tronsforred singly to mature lcaf~discs of brusgscls sprouts floated
on culture solution. Observations were made at 3 hours intervals
and adults were removed when a single nymph hed becn deposited on
each leaf-disc. Deily obscrvations were made for about 5 days after
which obgervations were made cvery 3 hours from 9 am. to 1 om, The
times when the 4th exuvium was moulted and the first nymph deposited
were recorded. All the adults with their progeny from this cxperiment
were discarded.

Moulting and deposition of the nymph werc assumed to have
occurred mid-way between the observation and the one before it.
The time from birth to the 4th moult and from the latter to the
dcposition of the first nymph are the developmental and the
pre-larviposition poriods respectively for the first generation (¥y).

When the nymphs on the brussels sprout plants of the first
cxperiment had completed development, about 30 of the young adults
werc then transferred singly to leaf-discs floating on culture
solution and the same procedure adopted as dcscribed above to obtain
the developmental duration and the pre-larviposition period for Foe
The rest of the adults on the brusscls sprouts werc transferred to
two fresh plants and kept for two days before they were removed.
Their progeny matured on the plant and when the adults appeared, some
of them were transferred to leaf-discs and the rest to fresh plants.
Thus the culturcs of the diffcercent generations were maintained on

the brussels sprouts and the rates of development for cach goneration
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were cxamined on the leaf-discs from cach gencration. IExaminstion
of the developmental period wes done on lcaf-discs, becausc observations
took a short time and the results were more accurate than on the

plants. Ninec generations wcre bred at this temperature.

(b) Recovery at 20°C.

Some adults from F) and Pg generations at 27.5°C were transferred
to brussecls sprout lcaf-discs and kept at 209C. Results for 4 and 5
successive gencrations respcctively at this temperature were collected
to assess the trend of changes in the deveclopmental period., The
procedure for breeding the different gencrations on brussels sprouts
and recording durations of devclopment on leaf-discs for each

generation was as described above.

2. Size and fecundity.

(a) Pecundity at 27.5°C and recovery at 209C

after cach generation,

At 20°C a culture of M, persicae was kept on brussels sprouts
for one year. 4dult apterae, from this culture, rcared in uncrowded
conditions were transferred to two small brussels sprout plants,
and rcmoved after two days. The two plants, bearing the progeny
of these adults wore placed in Watkins and Doncaster cages and
transferred to 27.5°C. When these had completed development, 60
young adults were transferred singly to mature leaf-discs of brussels

sprouts floated on culturc solution. 30 of these adults werc kept
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at 27.5°C and the rest were rcturned to 20°C. Observations werc
made twice dally when nymphs deposited were counted and removed
until death of the adults., The fecundity of the first generation
(F)) wes thus obtained, The tubes and the plastic béxes were topped
up with the culture solution and water respectively every second day.
The leaf-discs were replaced once a week,

The rest of the adults on the brusscls sprouts were transferred
to two fresh plants and kept for two days after which they were
removed and taken to the laboratory for measurement., Their progeny,
on the plants, were kept at 27.59C and when the nymphs attained
maturity, 40 newly emerging adults were transferred to leaf-discs on
culture solution; 20 of these were kept at 27.5°C and the rest were
transferred to 20°C and the fecundity of Fy, generation was examined
a8 described above. The rest of the adults from the Fy generation
were transferred to two fresh plants for 2 days and then collected
and taken to the laboratory to assessthe effect of temperature on
the adult size of the second generation (Fz). The effect of 27.5°C
on five generations and their rccovery at 20°C, after cach generation,

was examined.,

(b) Recovery afber transfer to 20°C.

About 10 adults of the 4th generation reared and kept at 27.5°C,
as cxplained sbove, were transferred to a brussels sprout plant and
taken to the 209C room and kept overnight, Then the adults were

discarded and the progeny left to develop, Vhen the nymphs matured,



the fecundity of the first generation (7, /F{) was tested at this
temperature only. The remaining first generation FL/FI adults were
transferred to a fresh plant and then removed on the second day for
measuring. The progeny was kept at 20°C, ' Three successive generations
(Fh/Fl’ FL/Fz, F@/F3) werc bred at this temperature to determine

the trends of fecundity and size recovery.

(c) The effect of other temperatures.

At 10, 28 and 29°C the same procdure for 27.5°C was adopted to
determine the effect on size, fecundity; reproductive period and
longevity and their recovery when returned to 20°C after cach
generation. 2, 2 and one generations respectively were rcarcd at
10, 28 and 29°C.

Adult body length, fecundity, reproductive period and longevity
were determined in successive gencrations kept at 20°C, The results
of the two generations at the samc temperature showed almost the
same pattern (tables 22 and 23), The results obtained at 20°C in
this section end also in section IT (table 11) suggested that therc

would be no significant effects.

3. Bize measuring.

Adults reared at the various temperatures and conditions were
prepared and mounted as already described (p. 10 ). The lengths and
the width of the body, the lengths of the siphurculi, the cauds,

the hind tibia and the 3rd, 4th, 5th and thc 6th antennal seguents
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(the total of thesc being referrcd to as the antenna) were measured
using a monoculer microscope as described on page 11, The length
of these appendages on the right and left sides of the aphid not

being isometrie, all the measurements were restricted to the right side.



D. RESULTS.

(1) Development.

Summary of the developmental, pre-larviposition and adult
maturation periods for the nine generations reared at 27.5°C, and

analysis of the data are presented in tables 16 and 19 respoctively.

Table 15. Mean values of developmental, pre-larviposition and

maturation periods (hours).

Gencration No, of Developmental Pre=larviposition Maturation
aphids period of larva period period of

adult
Py 9 135.5 ok 150.0
Fy 26 133.9 15.0 149.0
F 15 131.6 19.5 151.1
)y, 21 1384 16.2 1547
Fg 22 137.8 .1 152,0
Fg 8 136.6 16,6 153.3
Fy 8 133.8 16.3 150.2
Fg 13 138.4 15.9 15k, 3
Fg i 134.6 16.5 151.2

The Fy generation showed a marked decrcase in developmental
and pre-lerviposition periods compared with the corresponding figures
at 20°C which were 182,9 and 17.3 hours respectively. The former

also decreased in the 2 succeeding generations (Fz and F5), but the
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following generations did not exhibit a clear pattern; comparatively

longer durations being followed by shorter ones. The discrepancies

in duration between the different generations were small and were

only significant between F3 compared with Fh and FB at p-< 0.05.

Analysis by 't' test (table 17) illustrated that the durations of

all 9 generations were significantly shorter than at 20°C at p=< 0,001,
The parturition and maturation periods did not show any pattern,

and the differences between those of the various generations at the

same temperaturc were small and did not reach significance at pm( 0.05,

The pre-larviposition period at 27.5°C was shorter than at 20°C for

all the generations except F3 which was longer. Table 17 shows that

211 maturation periods were shorter than at 20°C.

Table 17. Summary of comparisons between the means at 27.5 and 20°C,

Developmental period ' , Maturation period.

Generation Difference of means significance Difference of means significa
- (hours) (hours) | ce

Py 7.k i 50.2

Fp 49.0 " 51,2 f

F3 51.3 " k9.1 !

), b5 " 45.5 !

Fy 45.1 t 48,2 "

73 46.3 " 46,9 K

Fq L9.1 ‘ " 50.0 "

Fg L5 " 45.9 !

F9 L|’8- 3 " l+'9'0 #
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Recovery at 20°C.

F), and Fg adults reared and kept at 27.5°C were retwrned to
20°C and recred for 4 and 5 generations respectively. Tables 18
and lﬁ?show the means of developmental, pre-larviposition and
maturation periods. The developmental periods of Fl&/Fl and F9/Fl
generations at 209C were longer than when kept constantly at 20°C.
The period decreased in successive generations and becalMe shorter
than for individuels kept constantly at 20°C. This decrcase was
most remarkable with aphids exposed longest to the high temperature

(table 19).

Table 18, Mean values of developmental, pre~larviposition and

maturation periods of individuals kept at 20°C after

L generations at 27.5°C (hours).

Generations Nol of Developmental Pre-larviposition Maturation period
at 20°C aphids period of larvs period of adul®

Py 21 189.5 16,6 206.1.

Fy 25 184,5 12.9 197:5

F; 23 181.1 16.9 198.2

Fb- 21 173.0 16.6 189aé
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Table 19. Mean values of developmental, pre~larviposition and

maturation periods of individuals kept at 20°¢C

after 9 generations at 27.5°C (hours).

Generations No. of Developmental Pre=larviposition Maturation period

st 20°C aphids period of larva period of adult
¥y 27 185.2 17.5 202.7
¥, 22 173.1 13.1 186.3
Fs 30 156.9 .5 115
R, 30 151.1 17.5 168,6
Fy b 163,5 .4 177.9

"l‘ables 20 and 2% prescnt an analysis of significance between
the mean durations of individuels returned to 20°C after 4 apd §
gencrations respectively, also a comparison of these means with those
of the individuals continuously reared at 20°C (182.9 hours). The

figures in parenthesis arc the differences between two means.

Table 20. Test of significance of mean differecnces.

"/ BSF, F/F; B /B, At 200C

At 200¢  (+6.6)N8 (+1.6)NS (~1.8)Ns (~9,9)NS 0
: fedde * i '

/R, (+16.5)  (+11.5)" (+8.1) 0

FL,/Fg, (+8.13M (+3.4)NS 0

R/T,  (+5.0088 O

FMFJ_ 0
N.8. = not significant; * = p{ 0,05; *¥ » p.¢ 0.01; *** « p:¢ 0,001
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Table 2Y, Test of significance of mean differences.,

Fo/Fy Fo/F, Fg/:r«f3 gé/FL F9/F5 At 20%

At 2000 (42.3)N8  (=9.1)NS  (=26.0) = (=30.83*" (-19..5" o
/P (2175 (49.65™ (<665 (-2uf o

L2 3 :
B/, (+3.1) (+22,0) (+5.8)" 0
F9/'F5 (+28.3f** (+16.23** 0
Fo/F,  (+12.1) 0

Fo/F 0
NS = not sgignificant; * -« p-Z 0,05; ** « p.{ 0,01; *** - p-¢ 0.00%

(2) Effect of temperature on fecundity, reproductive period

and longevity.

A summary of the results is given in table 22 and some detailied
observations on the pattern of daily reproduction at the various

temperature treatments are presented in figs, 10 to 21,

(a) Effect of temperature on fecundity.

(i) Effect of 10°C. Two successive generations were reared at 10°C;

the fecundity of some adults of these generations was examined at
20°C. The mean numbers of progeny per adult decreased from 19.4 in
the first generation to 5.6 in the second, The adults of F; and F,
generations reared at 10°C and then returned to 20°C produced almost
the same number of progeny (table 22) but at 10°C continuously the
fecundity was much decreased. Detailed reproduction retes are shown

in figs, 10 and 11,
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Teble 22, Sumary of the mean fecundity, reproductive period and

longevity at the various temperatures.

Rearing Generation Temp, at which No.,of Fecundity Reproductive Longovity

Temp, fecundity aphids period  _ _(days.
tested : (days)
10% P 10°¢ 18 19,4 k.6 15,7
200¢ 16 33.5 8.1 9.5
F, 100¢ 13 5.6 5.8 13,5
20°0 15 3.7 9.2 1163
200¢ Fq 200¢ 2L 39.7 10.5 13.0
¥, 200¢ 22 38,5 9.9 12.3
27.59C Fqy 27.59C 30 33.5 8.9 12,2
2000 28 1.0 6.6 9.3
) 27.50C 18 20,8 7ok 9.5
200¢ 17 19,8 10,2 13.6
Py 27.5°C 12 8.8 3.6 5.5
20°¢ 12 19.5 9.2 12,0
B, 27.59C 12 5.9 3. 5.3
2000 12 22,0 13,2 15,8
Fg 27.5°C 5 1.8 1.2 3ok
200¢ 6 16,8 10.5 13,0
L generations at 27.5°C

+1 at 20°C B, /By 20°¢ 18 27.3 8.5 13.2
42 o FL/FZ 20°C . 26 27.1 7oh 11,0
£3 00 FA/F3 20°C 22 3,2 8.1 11.8
28% Py 280C 29 - 20,2 9.4 11.0
20°¢ 27 17.9 9.8 12.5
F, 28°¢ 23 15.6 5.8 7.9
200¢ 17 14.8 8.5 11.5
29°¢C F 29°¢ (il 22,2 6.5 8.5
20°¢ 28 18.1 9.2 12,0






Fig., 10. MNean daily number of progeny produced by aptcrous virginoparae
M. persicae reared for two successive gonorations at 10°C,
Fecundity examined at 10°¢ (0), at 20°C (X) and constantly

kept at 209C ().
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Fig. 11. Daily rate of reproduction of two successive generations of
M. persicac reared at 100C,
A. PFecundity of Fy (0) and ¥, (X) examined at 20°C.

B. Fecundity of F; (0) and F, (X) examined at 10°C.
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The pattern of daily reproduction of F, and P, aphids returne&
as adults to 20°C was different (figs, 10A and B, and 114), The
Fy daily reproduction was remarkably high on the first, 6th and lith
days of the transfer. Such rates were not attained by adults
constantly reared at 209C at any time of their reproductive life.
The daily reproductive rate of the Fy adults did not exceed the daily

maximum of those kept continuously at 20°C,

(1i) Effects of 27.5°C. The mean fecundities per adult of aphids
reared continuously at 27.5°C were 33.5, 20.8, 8,8, 5.9 and 1,8

for the first, second, third, fourth and the fifth generations
respectively, the decrease in ¥y F2 and }?3 generations was
sighificant ab.p =« 0.05. The

individuals reared at 27.5°C and then kept at 20°C when adult
produced 4.0, 19.8, 19.5, 22,0 and 16.8 progeny per adult for Fyy Py,
18'3, Fl;- and F5 generations respectively i.e, about half of those
produced by adults kept continuously at 20°C, It is noticeable that
the Fl adults produced relatively few progeny.

Fig. 15 shows that the differences in daily reproductive rates
between adults of Fy at 27.5°C and adults returned to 20°C were
remarkable, The former produced more in the first 10 days, but in
the last few days of the reproductive period the adults returned to
20°C produced more. These differences in the early daily reproductive
rates of Fo, F3 and Flo— adults became smaller in the successive

generations and in the FS generation showed the opposite trend






Fig. 12 = 14, Mean fecundity, reproductive period and longevity of
M. persicae rcared for a number of generations at various
temperature treatments.
Reared and examined at 27.5°C (0);
reared at 27.5°C and examincd at 200C (X);
returned after Lth generation at 27.5°C
and reared at 20°C for 3 generations (#);

reared and kept constantly at 20°C &)
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i.e, adults returned to 20°C produced more progeny in the first

3 days (fig. 19).

(iii) Recovery at 20°C. Some adults of the F, generation at 27.5°¢C

were returned to 20°C and the fecundity of aphids of the three
following generations reared throughout at this temperature were
27.2, 27.1 and 34.2 respectively. The fecundities of the first
two generations were the same, while there was an increase in the
4hird, However, the value. for the 3rd generation was still smaller
than that of aphids kept constantly at 20°C, (table 22 and fig, 12).
The pattern of reproduction of these recovering adults is presented
in fig. 20. The reproduction rate of Fy adults was suppressed for the
first 8 days and then reached a maximum on the 10th day, which was
greater than the maximum attained by aphids reared continuwously at
20°C, The reproductive rate of Fo and F5 adults rose successively
in the early days of reproduction and then followed almost the same
trend as Ty adults for the rest of their reproductive lives.
Tndividuals reared at 28°C produced 20.2 and 15.6 nymphs/adult
for the first and second generations respectively. Fl adults
returned to 20°C produced 17.9 which was less than the fecundity of

F, at 28°C. F, adults deposited almost equal numbers at 28 and 20°¢

1
(table 22).

Adults of the Fi generation reared at 29°C showed the same
trend as at 28°C by producing less progeny when returned as adults

to 20°C, Tig. 21 shows that the daily reproductive rate of adults
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Figs, 15 = 19. Daily rate of reproduction of apterous virginoparae
M. persicae reared at 27.5°C for 5 generations.
Fecundity examined at 27.5°C (0);
Fecundity examined at 20°C after each generation (#);

Reared and kept constantly at 20°C (X).
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Fig, 20. Daily rate of reproduction of 3 successive generations of

M. persicae returned to 20°C after L generations at 27.5°C.
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Fig. 21. Daily rate of reproduction of M. persicae reared for one
genecration at 29°C.
Pecundity examined at 29°C (0); at 20°¢ (x) and

constantly kept at 20°C (A).
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returned to 20°C were noticeably lower in the first 9 days compared

with those kept at 29°C and also with individusls kept constantly

at 20°c. HdweVer, in the last days of reproduction, the daily rates

-were.higher than at 29°C,

(b) Effect on reproductive period.

At 100C the reproductive period deoreased from Ly.6 days in
the first generation to 5.8 days in the seocond. It was almost €qual in

Fy and ¥y gaﬁérationé returned £& 20°C. At £7.59C it decreased from 8,9

- days in the first generatibn to 1.2 in the 5th‘generation (table 22

and fig; 13). Fy adults feturne& to 20°¢ reproduced for the shortest
period (6.6) comparea with 10.2, 9.2, 13.2 and 10.5 for Fp, F3, F)
and F5 generation respectively,

The reproductive period for the individuals returned to 20°¢
and reared for 3 generations were 8.5, 7.1 and 8,1 days for the lst,
2nd énd 3rd generations respectively; these were slightly shorter
than the figures for indi&iduals continuously reared at 20°C, At 280C
the reproductive period deoreaéed from 9.4 dsys to 5.8 days in the
second generation, following the same trend as at 27.5°C, but the
reproductive periéd for F, adults transferred from 28°C to 20°C was
almost equal to that of the lst generation the fecundity of which
was examined at 289C., At 29°C adults transferred to 20°C reproduced

for a longer period in the Fy generation than those kept at 29°C

(table 22).
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(c) Effect on longevity.

At 10°¢ Fy and F, adults lived longer than the individuals
returned to 20°C., Longevities at 27.5, 28 and 29°C followed the

same trends as the reproductive periods (table 22 and fig. 14).

(3) Effcct of temperature on size.

(a) Effect of 10°C.

A summary of the mean lengths of various body parts of adult
apterae reared at the different temperaturcs is presented in table 23,
The lengths of the various parts for the 2 and 5 generations reared
at 109C and 27.5°C respectively and also the trends of the changes
for 3 generations when transfe:red from 27.5 to 20°C are shown in
fig. 22. The body length and width of the adults of Fy generation
reared at 10°C were greater than the corresponding parts of those
reared at 20°C; the other. parts, except the 3rd antennal segment and
the cornicle were -also slightly longer. The body length and width
of the P, generation showed a further increcase, but the other parts

were shorter,

(b) BEffect of 27.5, 28 and 299C.

The body parts of Fl adults reared at 27.5, 28 and 29°C were
shorter than the corresponding ones at 20°C, but they did not show
the expected trend of being shortest at the highest temperature

(table 23) i.e. the body length and width were shorter at 27.5°C than
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Fig. 22. The mean lengths of the different parts of M, persicae adulti
reared for 2 successive generations at 10°¢ (&), 5
successive generations at 27.5°C (0), recovery at 20°C after

L. generations at 27.5°C (X) and continuously kept at 20°C (8).
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at 28 and 29°C. Body parts of Fp adults rcared at 27.5°C and 28°C
were shorter than those of the I; at the same températures; at 27§5°C
those of the F3 were even shorter; but the body parts in F), were
almost equal to those of the F3. However, the body length and width
and the length of the 6th antennal segment decreased slightly in the

Fg generation.

(o) Recovery at 20°C,

When adults of the F) generation, reared at 27.5°C, were
transferred to 20°C, the varioué parts of the Fj progeny were longer
than those of the Fy at 27,5°C, but still shorter than the
corresponding parts of the individusls continuously reared at 20°C,
However, the length of the diffcrent parts of F)/F, generation
approached those of the adults at 20°C (table 23 and fig. 22).

The parts of the FA/F3 generation were almost equal to those of
FA/FZ generation except for the body width and cauda.

Correlation coefficients werc caloulated to examine interrelation-
ships between the various parts at 10°C and 27.5°C. Tables 24 and 25
present correlations of the characters in the first generation at
109C and 27.5°C respectively. Clearly there was positive corrclations
between the characters at the two temperatures, but they differed
in magnitude; correlations being remarkably lower at 10°C, At this
temporature the best corrclation was between the 6th antennal scgment
and hind tibia (r = 0.719) followed by the correlation between the

3rd antennal scgment and tibia 3 (xr = 0,675).
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Tablc 2k, QCorrelation cocfficients for 8 characters of M. pexsicse
reared for onc genmeration at 10°C,

Anténnal segments
Body length _ 3 L 5 6 Cornicls Cauda Tibia 3
Tibia 3 0,554 0.675 0.553 0.536 0,719 0.159 0,229 1

Cauda 0.520 0.228 0,492 0,355 0.249  0.519 1
‘Cornicle 0,619 0.249 0.075 0,110 0.039 1
6 0.177 0.399 0.459 0.588 1
Aw 5 0,237 0.257 0.299 1
LI
88 # o3 0.492 1
83

3 0.558 1
Body length 1

The poorest correlation was between the 6th antennal segment and the
cornicle (r = 0.039)i The values for the 1lst generation at 27.5°C
were comparatively greater than those at 10°C. There was a high
positive correlation between tibia 3 and the 3rd antennal segment
(r = 0.929) and also the tibia and the 4th entennal scguent (r = 0.906).
As at 10°C the poorest correlation was between the lengths of the
6th antennal segment and the cornicle (r = 0.453), but it was better
than at 10003 |

Significant differences in correlations being experienced
in F; generation at both temperatures, the coefficients for Fj at
27.5°C were calculated (table 26), Clearly there was a marked

increase in correlation coefficients for all the characters examined .



«]l]2-

Table 25, Correlation cocffichnts for B characters of M, persicae

rearcd for one geheration at 27.5°C.

_bntennal scgments
Body length _ 3 L 5 6 __ Cornicle Cauda Tibia 3
Tibia 3 0.832  0.929 0i906 0.848 0.723 0.755 0,773 1
Cauda 0.721 0,705 0.698 0,548 0.492 0,781 1
Cornicle 0.859 0,764 0.666 0,50k 0,453 1
6 0.562 0.767 0,769 0,815 1

2 5 0.570 0,832 0,897 1

% A 0,721 0.877 1

3 3 0.829 1

Antennal

- Body length 1

These were particularly high between the tibia 3 and the following
characters :~ 3rd antcnnal segment (r = 0,961), the corniole
(r = 0.953), the body length (r = 0.935) and the 4th antennal
segment (r = 0,911). Also the body length with the cornicle
(r = 0.944) and the 3rd antennal segment (r = 0,934). The poorest
correlation was between the length of the 6th antennal scgment and
that of the ocauda (r = 0.534), followed by the 5th segment with the
cauda (r = 0.540).

Correlation coefficients between the body length and seven
other parts of the F, adults reared at 20°C were caleulated and are
presented in table 2f. They show the same trend as that of the Fp

generation at 27.5°C i,e. the correlations were better than those of



Table 26. Correlation coeffistnts for Fo generation reared at 27.5°C.

Antennal segment
Body length 3 I 5 6 Cornicle Cauda Tibia 3

Tibia 3 0.935  0.961 0.911 0.869 0.770 0.955 0,821 1
Gaud?. . 0-829 0.?95 0.689 0.5’]-0 0.53’4’ 0'873 1
Cornicle 0.944  0.945 0,875 0.813 0.739 1

0.690 0.775 0.853 0,80 1
0.745 0.852 0,874 1
0.836 0,880 1
3 0.93% 1
Body length 1

Antenmal ..
spgm@nt
£ v ov

| the F, generation. The poarest correlation was between the length
of the 6th antennal segment and the body length (r = 0,560), To
examine whether this trend persisted through fhe later generations
at 27.59C, the correlations between the same seven characters and
the body length were determined and are presented in table 27. These
coefficients were poorer than those of the Fy for all the parts
except the cauda. The poorest correlation was with the 6th antennal
segnent,

Although correlation coefficients show the level of association
between body parts at a paftioular temperature regime, they fall
short of indicating the trend of changes of the parts at different
temperatures. To study this, the ratios of the body length to the

various characters, and also the different parts to each other were
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caloulated and are iliustrated in figs, 23 snd 2 respectively.

Data used for determination of the ratios were those of F, gencration
at 10, 20 and 27.50C. Except for the body width and 5th antennal
segment all ratios tended to decrcase from 10 to 27.5°C, thus showing
the increase of these parts rclative to the body length. The body
width exhibited thc opposite of the above trend. The 5th antennal

segment was relatively longer at 20°C than the other two temperatures

(rig. 23).

Table 27. Correlation coefficients for

?, at 10°C By ot 27.5%C
Body length ‘ Body length
Tibie 3 0,709 0,731
Cauda 0,705 0.736
Corniocle 0.682 0.792
6 0.560 0.280
Antennal 5 0. 714 0.417
segments 4 0.601 0.510
3 0.755 0.578

Pig. 2l shows the ratios between various parts at the 3
temperatures. Ratios of tho 6th antennal segment to the 3vrd segment,
cornicle to cauda, tibia 3 to cornicle, tibia 3 to 4th antennal
segnent showed that they varied at the different temperatures, The
ratios of body width to the 5th antennal segment, tibie 3 to the 3rd
segment, cornicle to the 3rd segment were also variable but tended

to a successive decrease from 10°C %o 27,5°C, while the ratio of

Ot
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Pig. 23. Ratios of body length of M. persicae to other body parts

at three different temperatures,

Fig. 24. Ratios between various body parts of apterous virginoparee

M, persicae at the three different temperatures.

Third antennal segment
Fourth " i
Fifth n n
Sixth " "
Cauda

Cornicle

Third tidia

Body width
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the 3rd segment to the 4Lth segment showed the opposite trend.

The ratios of the body length to the various characters for all
the different generations produced at 10°C, 20°C and 27.5°C are
calculated an& presented in table 28, The eleven generations are,
arranged in the table according to the body lengths irrespective
of the temperature treatment; the longest being in the ¥y at 10°C,
and the shortest in the Fg at 27.5°C, All the parts increased in
size relative to the body length in the first four ftreatments, but
decreased in the 5th treatment, except for the 5th antennal scgment.
No clear pattern is seen for the other treatments.

The effect of the different temperatures and treatments on tibia
and cornicle, cornicle and 3rd antennal segment, 3rd segment and
the 6th, body length and tibia 3 were further examined by regression
analysis, Taking all the points, regression lines were calculated
and presented in figs. 25 to 28, The changes in ratios between
different parts moted above were also clear when the combined results
of all the generations were analysed. In figs. 25 the ratios of tibia
to cornicle in Fp et 10°C and F)/F; did not £it well the calculated
linc; they lay mostly above and below the line respectively, In
fig. 26 ratios for F, at 10°C were mostly above the line, However,
the most marked separation of ratios was noticed in figs. 28 where

the body length ratio to tibia3 for Fy at 10°C and F, at 10°C were

remarkably high,
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Fig., 25. Repression of the length of hind tibia on the length of
cornicle of }. persicae adults reared for:-
one generation at 10°C (@)
two generations at 10°¢ (0)
continuously at 20°C (a)

one generation at 27.5°C (A)

two 1 it ! @j)
three n " ] (.)
four n u n (O)
five O et (e)

four generations at 27.59C + one at 20°C (X)
Rl 1" " 1 + two * " (Q)
] n 1 B} + three I} (e)
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Fig. 26. Regression of the length of cornicle on the length of the
3rd antennal segment of M. persicac adinlts reared for:
one generation at 109¢ (o)
two generations at 100C (0)
continuously at 20°C (a)

one generation at 27.5°C (4)

two generations " (o)
three i 1t ] (.0
four it " 1 @))
five n it it (.)

four generations at 27.5°C + one at 20VC (x)
t ] o + two " (Q)

n ] oo +three & (Q)
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Fig. 27. Regression of the length of sixth antennal segment on the
length of the 3rd antennal segment of M. persicae adults

reared for:

one generation at 10°0C (o)
two generations at 10°C (0)
sontinuously at 20°C &)

one generation at 27.5°C (A)

two generations * ! (o)

three o (w)

four " noow &)

five " neoow (4)
four generations at 27.5°C + one at 2°C (x)
" o A L (9)

R 1 n i +three ® n (Q)
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Fig. 28. Regression of the body length on the lingth of hind tihia

of M, persicae adults reared for:

one generation at 10°C (o)
two gencrations at 10°C (0)
continuously at 20°C (&)
one generation at 27.5°3 (a)
two gencrations " (o)
three vtoon (m)
four " e «©)
five " L “*)

four generations at 27.5°C + one at 20°C (X)
n i 1 it + two M i (9)

it it it n +three ¢ n (Q)
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Fig. 28.
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(4) Bffcct of size variation, causcd by temperature, on

development, fecundity, reproductive period

and longevity.

The effect of temperature on the factors mentioned above is
described in pages 85-107 . This part is concerned with the study
of the body size changes, caused by the differént temperature treatments,
and its influence on developmental period, fecundity, reproductive
period and longevity. The results examined in this section have

already been discussed,

(a) Experiments at 27.5°C,

(i) Iffect of size changes on developmental and pre-larviposition periods.

Five successive generations were rearcd at 27,.5°C and thé body lengths
of the adult apterae in each generation determined as described on page 11
The larval development and the pre-reproduction periocds were obtained
for 9 successive generations at this tempcrature, The data for the lsv
five generations were taken for the assessment of possible relationship:
between size and development. These and the body lengths of aduﬁé
are presented in table 29. |

Size and developmentel period exhibited a steady decrease in
the 1st 3 successive generations. The mean size of Fh adults was
equal to that of F3, while the development time was insignificantly
longer in the Fh generation, In the F5 they were both shorter than
that of the Fj. FPre~reproductive period successively increascd to

the 3rd generation and then underwent successive decrease to the 5th

generation,
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Table 29. Mean values of body length (mm), development and pre-

larviposition periods §hours}.

Generation Bo length Development period Pre-reproductive
period .

7y 1.422 135.5 Ul

F, 1,340 133.9 15.0

Fy 1.256 131.6 19.5

Fy 1.256 138.4 16.2

Fs5 1.215 137.8 .1

Regressionsof development and pre-larviposition periods on body
length werc determined (fig., 294 and B). The two durations decreased
with increase in size, y = 14452 - 7,00 x and y = 26,22 - 8,00 x

respectively,

(ii) BEffect of size changes on fecundity, reproductive period and

longevity. The mean body length of adult apterae for the 5
generations and also the mean fecundity, reproductive period and
longevity of individuals kept at 27.5°C and those kept as adults at
209C after each gencration af 27.5°C are presented in table 20,

At 27.59C the 4 characters showéd positive correlations with cach
other; the figures decreasing in the successive generations from the
1st to the 5th, except that the size of the F), was equal to that of
the F3. However, differences in reproductive period and longevity

between FA and F3 were negligible,
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Pig. 29. The effect of the adult size on pre-reproduction (A) and
developmental periods (B) of apterous 1irginoparae

M, persicae reared at 27.5°C.
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Table 30, Mean yalues of body length (im), fecundity, reoroductive

period and longevity.

Generation Body length _ Fooundity  Reproductive period ILongevity(iays)

(27.5°¢) —____(days)
2005

27.5°%C 2096 27.5°C 2000 ZL5°C 2003
Py 1.422 33,5 14,0 8.9 6.6 12,2 9.3
7, 1. 340 20,8 19.8 7.k 10,2 9.5 13.%
75 1.256 8.8 19.5 3.6 9.2 5.5 12.0
B, "1.256 5.9 22.0 3. 13.2 5.3 15.8
P5 1,215 1.8 16,8 1,2 10.5 3.4 13,0

Feeundity, reprcductive pe:iod and longevity of adults of the
same sime relurned to 20°C after cach generation at 27.500 showed
almost the opposite trend, recundity steadily increased to F4 and
decireased in'Fsa The reproductive period and longevity were shortest
in the Py generation followed by increase and decrease -in duration
to the F4 where they attained their maximms. |

The regression of the 3 characters on sizec at the two treatments
were calculated and presented in fig. 30 (4, B, &C). Fecundity
and size decreased in the 5 generations rgared'at 27.5°C,

y = 171,02 + 142.66 x, but the progény of adults tested at 20°C
increased with decrease in size, y = 42.65 ~ 18.67 x (fig. 30C),
The reproductive periodiand longevity showéd a similar trend

(fig. 30 A and B).
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Fig. 30. The effect of the adult size on longevity (A), rcproduction
period (B) and fecundity (C) of aptercus virginoparae
M. persicee rearcd and kept at 27.5°C (0) and developed at

27.59C and fecundity tested at 20°C af'ter each generation{g)
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Adults of the F, generation at 27.5°C were returncd to 20°C
and 3 generations were then reared. A summary of the adult size,
fecundity, reproductive period and longevity is given in teble 31,
The size showed an insignificant inorcasc in Fp followed by a small
decrease in Fs. The fecundity was almost equal for the 1lst and 2nd
generations, and insignificantly greater in the 3rd., The reproductive

periods and longevities were not markedly different in the 3

generations.

Table 31. The mean size, fecoundity, reproductive period and

longevity after transfer from the Lth generation at

Generation Body length Fecundily Reproductive Longevity
(mm) period (days) (days)

B/F 1.611 27,3 8.5 13.2
I, /F, 1.678 27.1 7ok 11,0
F,/F3 1.661 3.2 8.1 11.8

(v) Experiments at 109C

Effcot of size on fecundity, reproductive period

and longevity.

Two generations were rcarcd at 10°C, The adult size was
determined at 10°9C and fecundity at both 10 and 20°¢ after cach
generation, At 10°C the size of adults increased significantly in the

gsecond gcneration (p;( 0.01), but fecundity, reproductive period and
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longevity at 10°C decreascd significantly in the 2nd generation at
p-€ 0.001, p:¢ 0.001 and p={ 0.05 respectively. The same

characters for adults kept at 20°C after developing as larvae at 10°C
did not show any significant differances in the P, generation.
However, fecundity of F; adults tested at 10°C was significantly
less than those of Fy and F, adults tested at 20°C, p= 0.05 and

P-§ 0.01 respectively (table 31).

Table 32. The means of the four factors at the two temperstures.

Generation Body length Fecundi Reproductive period Lougevity
() (days) _(days)

10°¢ 20°¢ 1000 200C  10°C 200C

) 1,782 9.4 335 16 8.1 18,7 9.5
7, 1.960 5.6 3.7 5.8 9.2 13,5 1l.5



136

E, DISCUSSION.

(1) EBffeot of high temperature on development.

Viviparous apterae M. persioae were reared for 9 generations
at 27.5°C, The developmental periods (table 156) were all significantly
shorter than at 20°C., Continuous rearing at 27.5°C did not alter
the developmental period.

When adults, bred continuously for 4 and 9 generations at 27.5°C,
were transferred to a suitable temperature (20°C), the developmental
periods of the first genrations for both groups were slightly longer
than that of individuals continuously kept at 20°C (tables 18 and 18).
The dqurations in the subsequent generations at 20°C decreased steadily
and this decrease was most noticeable with aphids reared for the
longer period (9 generations) at 27.5°C. The lengths of F@/F3
and Fo/F, were signifioantly shorter than that of FIP/F]_ and F9/Fl at
P=< 0,001 fespeotively. The Fb/Ek generation which was of the shortest
duration (151.1 hours) was significantly shorter then FA/FIF (173.0
hours). These findings suggest that the sudden change to the
favourable temperature results in a temporary relief from the high
temperature stress, which later shows its effect on the succeeding
generations., ’The faét thet the individuals which were exposed longest
to the high temperature complded larval development more quickly
in the successive generations at 20°C than the ones reared for 4

generations at 27.5°C further supports this suggestion,
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The significant increase in duration of F9/F5 (163.5 hours)
compared to Fg/F, (151.1 hours) implies that the durations have
poseibly reached their minima and started to increase to approach
that of the individuals continuously kept at 20°C (182,9 hours). The
present experiments provide some information on the effect of
continuous exposure to high temperature on the development period
and its trend of changes after 4 and 9 generations when returned to
a lower temperature (20°C). To give a more appropriate explanation
of the effect of the temperature and to answer questions arising
during this discussion, a study of the trend of changes at 209C
after each generation reared at 27.5°C is needed, also that of
individuals kept continuously for a number of generations at 27,5°C

| owev
when returned to a .. lewme®ble temperature is important.

(2) Effect of low temperature on some factors.

Aphids oontinuocusly reared and kept as adults at 10°C for 2
successive generations decreased in fecundity from 19.4 in the 1lst
generation to 5.6 in the 2nd. P, and F, generation adults reared as
larvae at 10°C and then the fecundities examined at 20°C after each
generation produced very similar numbers of progeny which were about

double the number of that produced by F; generation kept at 10°¢
(table 22). This suggests that exposure to critically low temperatures

for 2 generations has no long injurious effect on fecundity. These

results agree with Murdie's (1965) who found that Acyrthosiphon pisum



~138-

kept as larvae at 10°C produced 20,5 and 67.6 nymphs/adult at 10 and

20°C respectively. Lees (1959) working on Megoura viciae reported

that adults which ceased to reproduce at 8°C, when transferred to 20°C
each produced about 4 nymphs. Barlow (1962) recorded the fecundity

of Maorosiphum euphorbiase to be 34 at 5°C compared with 19 at 10°C

for M. persicae. These results indicate that critically low
temperature varies between species.

The reproductive periods were 14,6 and 5,8 days for F, and ¥,
lgenerations respectively at 10°C, and 8.1 and 9,2 days for Fl and F,
respectively at 20°C. In the Py generation the fecundity was about
double at 209C and the reproductive period was halved, In the second
generation the feoundity et 20°C was about 7 times that at 10°C and
the reproductive period prolonged to only about double of that at
10°¢ (table 22).

Aphids kept as larvae at 10°C and as adults at 20°C produced
remarkebly greater numbers of progeny than when kept continuously
at 10°C but were less fecund than those reared and kept continuously
at 209C (table 22). However, reproduction, especially in the very
early days was much faster than in those kept continuously at 20°C,
These results indicate that embryo development proceeds further in
larvoe reared at 109C than when reared at 20°C, The fact that the
aphid produces more progeny in the first few days when transferred to
a higher temperature (20°C), and has e comparatively shorter reproductive

period creates a situation where the increase in number of the population



could be relatively great 31nee these are 1mportant parameters for a
high intrinsic rate of 1ncrease.

Prom the foregoing discussions it follows that alteration of
comparatively cold and warm weather in nature might be more fquurable
for population growth of the aphid than continuation éf either._~
This also reflects that results obtained from constant-tempefqture
experiments in the laboratory often cannot be agplieq @i;ethy tg
the field (Clondsley-Thomson, 1953). This éuthér .‘sta..tgg‘ that
fluctuating temperatures have some special stimulating effects on
insect‘deve10pment when compared with conétant temperatures. The
growth of host plant at constant temperature is also of importance in
this connexion as plants might have a different food quality from those.
in the field, especially for aphids which are sensitive to pnysiological
ohanges in plants (Kennedy, Lamb and Booth, 1958 Kennedy and Booth,
1959)

therature reviewed on pages 73 - 78 signifies that the number
of young produced by a species of aphid is dependent on its Si??i
but experiments at 10°C show that although the 51ze of F, )
generatlon adults was signlficantly greater (p~<'0 Ol) than ¥,
generation adults, their feocundity was significantly less at the
same temperature (p=<0.001) (table 23). Also adults of F, end F,
generations developed as larvae at 10°C, although of signifioantly
greater size.thanr adults continuously reared and kept at 20°C,
when transferred to 20°C produced less than the smaller-sized adults

reared continuously at 20°C (table 22 and 23). These results reveal
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that the same temperature which sﬁppresses the reproductive capadity
of the aphid, promotes increase in size. Therefore interpreting aﬁhid
capacity for reproduction from its size, without knowledge of conditions
at which it developed could be @Moneous. |

Results just described illustrate the effects of temperature
changes on aphids reared as larvae at another temperature. This is
not often similar to conditions prevailing in nature where there are
diurnal variations in temperature which act on all different stages
of development of the insect, In the laboratory this should be
studied by experimenting in fludtuating temperature conditions whihh

simulate the conditions in the field (e.g. Lamb, 1961; Messenger, 1964).

(3) High tcmperature as a stress factor.

The five successive generations bred at 27.5°C showed a steady
decrease in fecundity and size in the subsequent generations (tables
22 and 23). This agrees with Murdie's (1965) results who found that
4. pisum kept at 25°C produced decreasing numbers of prdgeqy in the
B'generations. It follows that high temperature has injurious effects
on the reproduction of the aphid, and that this effect is more severe
the longer the exposure to the high temperature. The work at presént
is not adeéuate to explain the actuel internal modifications which
lead to these results. However, Uvarov (1931) attributed this to
semi;starvation of the individualéiahile Lees (1959) suggested
'heat injury! fo be the cause., It is inferred that the second

hypothesis is more acceptable, because it was shown that when small-



- pized sterved adults resulting from over-crowding and small adults
exposed to high temperature were transferred to a suitable temperature
the previous over-crowded adults were quicker to recover and attain
normal size, than the heat injured individuals which had not produced
their normal number of progeny even in the 3rd generation (Murdie, 1965).

Long (1953) suggested that for insects to continue reproducing
at a high temperature their size should not be less than a minimum,
Any species cannot develop and produce unless it attainsa size greater
than this minimum, Size, however, is not the sole factor since
individuals cease to reproduce at low temperatures while they dre
st1i11 much bigger than individuals reared at higher temperatures,

Aphids reocred as larvae at 27,.59C and their fecundity tested at
20°C after each generatioh ffoduced least progeny in the Fy
generation which then steadily increased in the following generations
(table 22). However, their recovery in fecundity was not complete
in any generation, Aiso aphids reared as larvae at 28°C and 29°C and
then kept as adults at the same temperatures (28 and 29°C) and also
at 20°C produced less progeny at 20°C; also at 28°C even the F,
generation adults tested at 20°C produced less than adults kept
continuously at 289C and thus contrasts with the corresponding Ty
generation adults at 27.5°C which produced more. This could perhsaps
be because at 28-29°C the damage inflicted in the 1st generation is
such thet the adult is even more damaged when transferred to 20°C

than when kept at 28°C to which some acolimatization may have
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oocurrgdf This however does not scem to be a satisfactory explanation
of thé.diffééenc;s.in effécts‘ﬁn larval development of 27,50C and 280C,

AphldS‘reared at 27.5°C and kept as adults at 209¢ produced
less progeny in ‘bhe Ty generation ‘bha.n the same adults at 27, 5°C, .‘
while they produced more in the following generations., Murdie
(1965) recorded similar results when he examined the fecundity
at 28°C and 20°C of A. pisum adults reared as larvae at 289C, His
figures were 8,75 and 7.25 nymphs/adult respectively. These
observations indicate that the sudden change of temperature at a
comparatively short period is more suppressing than a transfer after
a long period at the high temperaﬁure since aphids kept continuously
at 27.50C for L generations and then transferred to 20°C as adults
produced more progeny than did the adults tronsferred at the 1 st
goneration (table 22),

Further evidence that the size effect on fecundity is altered
by temperature is produced by the results with adults of the same
size reared at 27.5%°C but kept as adults at 27.5°C and 209C (table 22
and £ig.15 ). The greater fecundity of sdults kept at 20°C cannot
be due to size difference of the adults.,

Yhen E# generation adults rearcd continuously at 27.5°C were
returned to 209C and reared for 3 successive generations, the Fs
generation adults produced almost equal numbers of progeny as Fl
generation adults reared and examined at 27.5°C (table 22), but

were less fecund than those kept continuously at 20°C. Thus recovery
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in fecundity was slow and was not normal by the 3rd generation at
20°C, while size recovery was comparatively quicker since by the 2nd
generation the size was similar to that of adults continuously kept
at 20°C (table 23). Murdie (1965) using A. pisum found that progeny
of second generation adults reared continuously at 25°C almost
recovered their normal size, when rearcd for 2 successive generations
at 20°C, but fecundity was still low compared with that of adults
continuously kept at 20°C. It can be concluded that the injurious
effect of high temperature on fecundity is partly independent of
size and that the effect on size is more easily reversed.

Experiments on the effect of temperature on the size of various
parts ol the body of vivipgarous apterae of M. persicee revealed
that the interrelations between their sizes varied at the different
temperaturcs, The body length was relatively greater than that of
the other parts.at low temperatures - (figs. 23 and 28)., The lengths
of the sixth antennal segment was perhaps the most unstable and most
sensitive to temperature changes and exhibited poorest correlations
with sizes of other parts in 21l treatments (tables 25, 25 and 2%;
fig. 27). There were also variations in different generations at the
same temperature.

At 109G, especially in the [1lst generation, the correlations
between sizes of different parts were poor (table 24), The correlation
coefficient between cornicle length and that of the 6th antennal

segment at this tomperature was only 0.039. The correlations were



elightly better in the Py generation but still poorer than
correlations at 27.5°C where correlation cocfficients increased in
the 2 successive generations (tables 25 and 2B). However, the high
* correlations attaihe@vié.;ﬁe ?, geﬁeratiqn at 27.50C did not persist
and ﬁere po;réf ih thévf5 éeneration (table 29).

These Variétiohs écpurfed not qnly in individuals under
temperature étreéé; %ﬁt:also in recoveringindividuals, Table 28
shows a rénge of %heuf;tioé in 3 successive recovering genecrations at
20°C. Also fig. 25 sh&ﬁs that the figures for ratios between lengths
of cornicle and tibia 3 in the Fy generation (X) occur below the
calculated regression line. These results agree with the findings
on page 16 én the relative sizes of ‘3rd and “4th antennal segments
of the 3rd nymphal instar at different temperatures (table 6).
Murdie (1965) working on A. pisum which is a bigger aphid than
M. persicae found that the ratios between 2 body parts (lengths of
tibia 3 and 3rd antennal éegment) at the various temperature
treatments could be divided into 2 groups and separate regression
lines were calculated for each group.

It can be concluded that the variations in proportional sizes
of the various body parts at different temperaturesindicate that
using ratios for taxonomic work to distinguish between the various

insters could be erroneous.
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SECTION IV, STUDIES ON SOME APHIDS

INFESTING THE POT.TQ CROP.

X. INTRODUCTION.

Potato, Solenum tuberosum, is an important food ecrop planted

in mogt parts of the world: It is attqoked by a number of aphid
species, the diversity and intensity of which varies from one country
to another (Hille Ris Lambers, 1955; Galecka, 1959; Bishop, 1965 and
Totov, 1966) and also within different areas of the same country

(Davies, 1935, 1939; Fisken, 1959a). 'The main aphid spoecies attacking

potatoes are the peach-potato aphid, Myzus persicae (sulzer), the

potato aphid, Macrosiphum euphorbiae (Thomas),the buck thorn-potato

aphid, Aiphis nasturtii (Kelt), the glass house-potato aphig,

Lulacorthum solani (KaIh) and a few others which are relatively rare.

These inflict direct damage to the plant by ingesting nutrients and
exereting honeydew on the surfaces of leaves (Kennedy and Stroyan,
1959; Banks, 1965). But the major damage caused is indirect, and is
the result of some of these acting as vectors to transmit virus
diseases (Davies, 1934; Bawden, 1943; Bishop,‘l959). It is due to
the latter cause that the potato yield suffers heavy losses when
conditions for the spread of the disease are favourable (Johnson,
196L.) and this has warranted much work on the ecology of these aphids
and the factors affecting their growth in the crop.

Aphid populations on many plants are well belbw the potential
number which the food could support ( Sanders «&d Knight, 1968) and

their level of infestation on potate has shown considerable variations.,
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Pactors governing these changes have been a cause of controversy among
different investigators.

The aim of this work was to study the intensity of the aphid
population for a number &f years on o potato plot in connexion with
the main biotic and abiotic factors which are thought to be responsible
for the fluctuations in their populations. 4 potato plot, situated in
Silwood Park, was surveyed in the years 1967 and 1968 and the
different aphid species encountered on the plants were counted.
Climatic factors (temperature and rainfall) and the number of
parasitized aphids, predators and infected aphids were recorded.

The density and time of the arrival of ala£ae on the potato
crop is known to be an important factor governing the level of
infestation by aphids (Fisken, 1959a; Daiber, 1964). Climatic factors
affecting their immigration and their movement within the crop have
caused controversy. The present work included a study of the aeriel
density of the aphid and also movement of the alatae within the crop

using yellow water traps (Moericke, 1951).

B. MATERTALS AND METHODS.

(1) Aphid counts.

Two plots of potato, variety.Majestic, were surveyed in the
years 1967 and 1968, The planting dates were the same in the two
years (25 th april), The plot surveyed in 1967 was 30 m. long and
20 rows (90 om apart) wide. The plants were spaced at 45 cm on the
ridges and were about 6" tall at the beginning of the survey

(4 th June) . ‘The plot surveyed in 1968 was 50 m, long and 40 rows
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wide . SQmP\ing started (3\””(13) fo¥ {ew dajs a}'ce\( Qme‘}gemce o\_{_

the plants which had become infested earlier, -

The piots were subdivided into 25 units and samples were taken
from these units, Surveys were done twice a week in 1967 and once
a week in 1968 except when the ficld was wet 1n whloh case the
interval was prolonged. On the sampllng days 25 stems, each from one
unit, were cut very carefully and placed in cellophane bags and taken
to the 1aborato:y. Leaves were removed and the different aphid
‘species on them werc recorded and identificd using mainly the key by
Edwards and Heath (1964). The total numbers of each species other
than M, persicae were recorded according to species as they wefé 
femo@ed from the leaves. All stages and forms of M. persicae
were' transferred to a petri-dish containing 30% alcohol and the
different stages were scparated under a low power binocular micrescope
using Sylvester's (1954) method. The alatae, apterae, the four
apterous nymphal stages and the 4 th alate nymphal stage were

recorded separately.

(2) Natural enemies.

Natural enemies found with tho aphids were also identified.
Three species of coccinellid predators were recorded. In 1967
surveys the adults and larvae were bulked, but in 1968 adults were
identified fo species level and recorded separately and the eggs,
larvae and the pupae of the three species were added together,
Syrphid eggs and lorvae were.collected and identified. Anthocorid

adults and nymphsy spider mitgs and thrysopid larvae were also
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recorded, The numbersof aphid mummiesvwithqut exit holes were also
counted and were kept in sample tubes and the emerging parasite
adults from each aphid specics were identified. Fungus infected

aphids were also counted and identifiead,

(3) Plant growth.

On each sampling day 5 rows were chosen at random and the number
of stems in each plant counted along 10 m, length on the row. The
mean number of the stems/plant and also number of aphids and

natural enemies/100 plants were caloulated.

(&) Trap ce ches.

To examine the early colonigzation of the plants by alatae of
M. persicae and their movement within the potato crop 12 water traps
were laid out within the plot. Flastic containers of 10 cm. diameter
and 4 cm deep were painted green on the outside and on the top 1 cm
of the inside; the bottom and the inside walls were painted yellow.
A portion of about 1 inch x 1 em was cut off from the edge of eﬁch
container, and a piece of muslin stuck to this gap from the outside to
stop overflowing when it rained., The containers were supported on
stands placed in the furrows and the heights were changed with the
growth of the plants to keep them level with the young leaves
i.e. the traps were not covered with the vegetative growth, The
containers were filled with a liquid made up from 1 gallon of water
mixed with 20 cc of stergene~formelin and were topped up ebout twice

a week or cleaped and refilled when necessary.
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Collections of all alate aphids were made on alternate days in
1967 and twice a week in 1968, The aphids were examined under a binoculsw
microscope and alate M. persicae were counted separately and all other
species counted collectively.

Data from a "Rothamsted survey suction trap", sampling 100,000ft3/
hour at a height of 40' through a 10" diameter pipe and situated
about 30 m. from the plot was used to examine aerial distribution of
the alatae, The results obtained from the potato samplings were

compared with those of the traps.

(5) Meteorological data.

Temperature was continuously recorded by a thermograph with the
measuring probe placed in the middle of a plant with lush growth,
Rainfall; wvelative. humidity and. wind spéed were. obiained fook the

‘Meteorological ‘site at Silwood Tark.

(6) Potentianl rate of increase.

The theoretical rate of increasc was caloculated from the actual
numbers on the plants. Hughes (1963) in this connexion classified

population increasec of Brevicoryne brassicae on kale as unimpeded,

potentlal and dbserved 1ncrease. The dlfference between the flrst 2
terms 13 the effect of pre—reproductive mortallty on the reproductlve
rate, whlle that betwéen the 2nd and _3rd is the effect of all blotlc

and ablotlc martallty factors.
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For the present work the potential rate of increase was calculated
from fhemoﬁséfiéd?ﬁﬁﬁﬁéys;"Iﬂ”i967';ém£iings number 1, 5, 10 and 14
" were used to caloulate the potential number of aphids developing
during the following 2 = 7 wocks (£ig.33 ). "In 1968 the potential
nunber at each Sampling‘%démdaicﬁiéfed from the actual numbers in
the previocus sampling,

Results of experiments conducted in controlled environment rooms
(page 37 ) were used to calculate the potential rate of increase at
different temperatures. The increase in number in the early stages
of the population growth depends basieally on the number of reproducing
apterac and on immigrant alatae and their reproductive rate,
Experiments on page 37 did not include a study on the fecundity and
reproductive period of alatae, but previous work on aphids indicated
that the apterac were more fecund than them (Lel, 1950; Hafesz, 1961;
Sanders and Knight, 1968)., ILal recorded 25 and 15 progeny per aphid
for apterse and alatae M. gersicae respectively at 18°C and also 30
and 21 respectively at 23°C; this showed that there was a differcnce
of about 10 nymphs pér parent between the 2 forms. When
caleulating the potential population increase from the data, the
following oonsiderations wore borne in mind.

= Barly instars, which showed no wihg buds, were assumed to develop
into adult apterae.

- Alatae arising from nymphs produced on the crop were considered
as emigroting adults leaving the orop without reproducing{

- All the stages counted in the difforent samplings were assumed

to be middle aged in the particular instaers in which they were found,
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whether larval or adult.

The method adopted in the prescnt work for calculating the
potential numbers for the various counts was a long one., The
intrinsic rate of inerease, which is quicker, was not used because
this parameter could only be used in conditions where the population
has attained a stable age-distribution (Bireh, 1948). Since in %he
field both selective and non-selective mortalitics operate together
(Hughes, 1963), the possibility of a population attaining a comtinuous
stage age~-distribution is remote., No attempts have been.made
previoﬁsly with aphids to find the proportions in which the different
stages occur when there is a stable age-distribution., .n attempt is
however made here to find, from the present observations, which
ratios of the different stages possibly gave a stable age—-distribution,
Bach observation with its instar-distribution was tnken and the
potentinl number was calculated by multiplying the number of adults
counted on the plants as well as larvae attaining maturity by the
nunber of nymphs they produced between sampling periods, The figure
thus obtained was the unimpeded rate of increase from which the number
due to pre-reproductive-mortality was subtracted., The same sampling
data was used to calculate the potential number using the intrinsic
rate of inorease in the formula Nt = Noe®™® (Barlow, 1962), wherc
No = number of insccts at timé zero, Nt = number of insects at time
t and r = intrinsio rate of increase. The instar—distribution which
geve the some result with both these methods was considercd to be

close to the stable inster-distribution for I, persicae,
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C. RESULTS.

(1) 167,

(a) iphid speecics on potatoes.

Llatae immigrants started to colonize potato plonts late in
the 2nd week of June. 8Speciecs recorded, in order of abundnance, were

M, euphorbise, A. nosturtii, M. persicac, R. latysiphon and 4, solani

The latter two species were detected as alatoe only in the eorly

semplivgd toble 33). ilate M. persicac  were comparatively numercus

in the .1st survey but subscquent population growth was slow, The
populations of M. persicae oscillated and reached a peakl about mid-
July (table 33ond fig. 351). The decline aftcrwards was shorp and the
population remained low until September when it cxhibited a slight
resurgence followed by extinction.

The instar-distribution of M, pcfsicae (table 33 and fig.328)
showed that the different instars and the 2 adult forms werc present
in the ‘lst two surveys, but for the rest of the surveys the .1lst and
the "4th inster apterae (4a) were least prevalent. Fig.324 shows

the % of the different instars in the total population.

M, euphorbianc started with o few alatac compared with M, persicae

and their build-up was rapid and attained its '1st pesk by the end
of June, afterwards declining to extinction by mid-iugust. However,
nunbers incrensed again to 'a 2nd greater peak in early September but

the population again declined (table 33 and fig. 31).



Instar and form of M., persicas

. Date M,euphorbiae ..nasturtii A.solani R.1s i
No. Dafe ., 3 Lo sptors Alate Total , Relatysiphon
1 16.6 35 30 35 5 10 60 175 205§1o)* 150€35) ~(5) ~(5)
2 19.6 42 42 28 7 1k 21 154 1554(28) 392(315) - -

3 23.6 8 8 768(48) 221 (192) =-(8) = =

b 27.6 17 17 9 L3 1921268) 501(60) - -(17)
5 1.7 23 - 23 1357(46) 1265(58) - -

6 6.7 W I 1 - 42 1274(28) 616(1) - -

7 10.7 16 50 50 16 : 132 1188 1600(132) = -

8 1.7 462 759 313 66 50 99 1759 3w(17) 610(17) - -

9 19.7 79 557 265 212 1113 636 1908(53) - -

10 24.7 27 27 53 371(27) - -

11 29-7 30 . ’ 30 30 - - -

12 3.8 31 31 31 9% 62 - - -

13 7.8 62 62 124 155 - -

U 15.8 2, B - 3, - -

15 25.8 36 36 1242 213 - -

16 10.9 36 106 . 142 2627 71 - -

17 25.9 0 750 ~(38) - -

* No. of alatne.

~£4T~
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Fig. 3. Populations of potato aphids on a potato crop at Silwood
Fark, 1967 with daily maximum, 1iean, minimm temperature

and rainfall.
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Fig. 32. Froportions of the various nymphal instars in the different

samplings of 1967.
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Do maturtii_follovied almost o similar trend as M. cuphorbise

in undergoing a steady rapid increase though the high population
persisted longer until in July it virtually disappeared; later a
small resurgence ecnsued and again the population died out by the
end of Septecmber.

The three species showed different pattern of aistribution on
the plants, M. persioase was mainly found on the top young leaves
and the bottom sencscent leaves. M, guphorbiae preferred the upper
half of the plant and was found exolusively on the inflorescence

whon the plant flowered. A. nasturtii colonized the lower holf of

the plant mostly the lower old leaves. M, persicac and A, nasturtii

are slow moving aphids compared with M. euphorbiac.

The potential number of M. persicaec was calculated from the
Tield counts and 1s presented in table 34 and fig. 33. The potential
numbers steadily increased with timey; but the observed was inconsistent,
showing rise and fall and was quitc negligible compared with the

theoretionl numbers except about mid=-July when M. persicae was most

common,
Table 34. Potential and obscrved populations of M. _persicpe on potitoes.
1967. |
Sampling number
1 (16.6) 5 (1.7) 10 (24.7) Y (15.8)
Potential observed Potential observed Potential observed Potential observed
175 23

1085 154 518 42 265 27 34
2928 8 2271 132 821 30 1072 36
13591 43 12W45 1749 2496 93 27761 b2

44,838 23 161093 1113 2899k 62 617078 v
14,92980 27 3 .
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Fig. 33. Caloulated potential and observed rates of increase

of M. persicae on potatoes.



~160-

OI/ )
oI S~ :
E -— -~ T
N SE s 0
o Tz T Z
w w ~ v
O N = S
L] om o ~
O a I
(o)
!
'
) U]
oL )
- <
O”
’o,l
~< _ 2
5
42] Ol
™ To.
A4
F w
rd
D
-
A 'y A L i Fi
") (] o~ - (o]

n <
SLNVId OOl 7/ SGIHdVY 40 'ON 901



-161~

{b) Notural enemics of potato aphids.

A sumary of the naturcl cnemies associnted with potato aphids
is prosented in table35 . Cocednellids, syrphids and parasites
appeared almost together, early in the season, The coccinellid species

recorded, in order of abundance, worc Cocoinells scptempunctata,

Adalia bipunctata and Propylacs gquattucrdecimpunctata. They first

appearcd on woeeds infecsted with aphids outside the plot and moved
from there to the potato plot. They increased in number within the
erop and disappearcd late in July. . number of syrphid species

including Syrphus baltoatus, §. corollse, flatycheirusApeltatus,

S, ribesii, §. eligons ond Melanostoma spp. were recorded; the 1 st

three were the.dominant ones, Their numbers increased to a.peak sbout
the .1st week of July and then declined to the end of July when no
records of them were mode until mid-iugust after which they persisted
to the end of the scason.

4 number of parasite adults emerging from mummies colleccted
during the surveys were identified by thc staff of the British Muscum,

These in¢luded Aphidius matricarie, 4. nigripes, Diaereticlla rapae,

Aphelinug basalis and Lygocerus rufiventris. The latter species is

possibly a hyperparasite. The former 3 species moinly attacked

M. persicae and A. nagsturtii to a lesser extent, while the latter

two species emerged from M, cuphorbise mummies. The % M. euphorbine

attacked by parasites were negligible compared with the number of
parasitised M. persicoe. The number of parasitized aphids increased

with the progress of the scason and attained their highest number early

in jugust and disappearcd shortly beforec the end of the season,



No. Date M. persicce Cocecinellids gSyrphids Chrysopids .Anthocorids Mites Mumics Iffected

"G¢ oTqRy

1  16.6 175 0 0 0 0 0 0 0
2 19,6 154 42 28 0 0 0 1A 0
3 23.6 8 16 6l 0 0 0 L0 0
L 27.6 L3 17 43 0 0 0 17 36 )
5 1.7 23 46 127 0 0 0 81 81 o
6 6.7 h2 L, 126 0 ) 0 154 8 5
7 107 132 33 182 0 0 o 165 50 g
8 147 1749 17 10 0 0 0 182 116 ]
9 19.7 1113 26 53 0 52 0 371 0 °
10 24.7 27 0 27 0 0 0 186 0 {™
11 29.7 30 0 0 0 0 30 207 0 :
12 3.8 93 0 0 0 31 0 165 0
13 7.8 62 0 0 62 -0 62 1) 0
1 15.8 B 0 b3 34 34 0 268 0
15 25.8 36 0 177 107 36 36 0 0
16 10.9 1.2 0 71 36 U2 0 0 0
17 25.9 0 0 38 0 150 38 0 0
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¥ntomophagous fungl, possibly Entomophthora sp. (Macleod, 1955;

Ramaseshiah, 1967) attacked aphids in the fiecld, 4 very high & of the

infected aphids were M, cuphorbiae and only a negligible number of

M, persicac and A4, nasturtii were attacked., 4 fungal disease, which
was found growing on the legs br M. persicae culture in the contrsiled
environment 159C room, was not detected in the field on any of the
aphid species., During samplings infected aphids were first observsZ
from late June to mid-July, after which thcy disappeared.

Other apparently less important natural cnemies were chrysopids,
possibly Chrysopa cdrnea (Dunn, 1949), anthocorids and mites. The
nurbers presented in table 35 are the larvae of ohrysopids, nympiis
and adult stéges of anthocorids and mites. The three predators
appeared lote in the season and persisted in small mumbers to thoe

end of the senson,

(c) Trap oatches.

Alate M, persicac and the total of all alate aphids caught in vhe
water traps are presented in fable:BS. The greatest number of
M, persicae was caught in mid-July, ot a time when the catches of
other aphids in the water traps and counts on the potato orop reachsd
their peok. TFrom mid-July the numbers declined and they disappearcd

later in the month.
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Table 36+ Trop catches of alate M. vr@gg’ gae and other sgecies, 1967

and 1968,

Date Suction trap _ .__Toter traps
1968 : - 1967 ) 1968
M, persicaec Total M. persicaec Total M, persicac Total
all species oll specics
2.6 19 7
L6 L0 3
7.6 22 206 1 67
10,6 3 51
13.6 16 72
16,6 16 452 1 996 12 118
20,6 - 194 9 60
23.6 10 264 L 402
2.6 L 407 2 35
27.6 - 160 L 28
30.6 2 286 - 235 1 26
3.7 - 88 [ 28
6.7 . 7 84
1.7 L3 2810 2 163
9.7 15 77 2 31
12.7 1 58
4.7 19 L3h3 3h 102k
20.7 17 2636 L 113
23.7 2 199 - 31
28.7 8 1028 - L7 - 9
3.7 - 40 - 12
4.8 3 776 - 33 1 18
7.8 - 15 - 4
11.8 - L2l - 5 - Ly
13,8 - 3
15.8 - - 1 i
18.8 - 4O - 2
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(2) 1968 .
(a) Aphid speeics on potatoes.

Alate aphids were observed on the potato plants dircctly after
emergence in the 2nd half of Moy. Speeies recorded, in order of

abundance, were M. euphorbiae, M, persicee and Aulacorthum solani

(toble 37 and fig. 3). M. euphorbize inoreased rapidly on the crop

and-reached its peck late in June and then crashed to extinction by
the end of July. However, late in the scason it showed a slight
resurgence as in 1967. M. nersicae undexrwent o steady increase and
attained its highest numbers by the end of June; afterwards decreasing
slowly through the season, /A. solani appearcd slightly later than
the other two, multiplied to only o small number in the middlc of

the season and was not obscrved in the later part of the season.

The instor distribution of M, persicce (table 37 and fig. 35 )

showed that in 2lmost 2ll the somplings the 1st ingtar outnumbered
cach of the other instars; its highcst number coincided with the peak
of the total population. It was also noticcable that in the middle
3 samplings when the population was highest{nunbers 4, 5 and 6) the
percentages of ecach of the 4 nymphal instars romained similar
(fig. 35A). Using the two methods alrendy desoribed it was found
that sampling No. 2 produced almost the same number.

The potential and observed numbers (table 38 and fige 36)
11lustrated that the differences between them were small at the

beginning of the secason when the aphid populetion was steadily increasing,
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but the gap stoarted to widen just before the peak population on the

plants when the population increasc was slow and also when the

population was declining in carly July.

Table 37 . Aphid populations on 100 potato plants at Silwood Park, 1968.

No. Date Instor and form of M, persigac

13.5 12, 64
2 7.6 360 380
3 13.6 983 378
L 20.6 3683 2725
5 30.6 5400 4920
6 15.7 2325 1825
7 29.7 180 300
8 5.8 9 90
913.8 120 30

1 2 3 La bw iptera Alate Totol euphorbine solani

36 8 0 0 76 308 520(68)* 0

210 70 0 20 170 '1210 ‘1170(50) 0

239 33 0 333 83 2355 5678(50) 72

1608 1067 25 1200 158 10466 35608(358) 391

2840 1360 1000 1620 160 17200 26100(1300) 240

1200 1000 225 825 100 7500 525(25) 25

150 120 0 30 0  .780 0 60
150 60 0 90 0 480 60 0.

9 30 0 120 0 39 30 0

* No. of alatae
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Fig. 34. Populations of potato aphids on a potato crop at Silwood
Park, 1968 with maximum, mean, minimum temperature

and rainfall,
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Fig. 35. Proportions of the various nymphal instars in the

different samplings of 1968,
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Table 38, Observed and potential populations for ecach survey of
M. persicag on potatoes, 1968.

No. Date Calculated Observed Difference Observed as % of

potential _potential

1 3.5 308 |

> 7.6 1500 = 120 - 290 80.7
30136 hL30 2355 2075 53.2
L 20.6 17610 104,66 T 59.5
5 30.6 104,960 17300 87660 16.5.
6 15.7 1426880 7500 419380 1.8
7 29.7 137960 780 137180 0.6
8 5.8 3485 480 3005 13.8
9 13.8 4505 390 4115 8.6

(b) Natural cremics.

The 1967 preliminary study made a more detailed investigation
possible in 1968, Coceinellids were the first of the natural enemies

to appear on thc plants (table 39). 0. scptempunctata was the

commonest and the eorliest of the 3 species to appear, folldwed by

A. bipunctatae and last P, li= punctata , which was secn wandering

as adult on the plant late in the season. Syrphids were detected
about mid~June and their number increased during the season and reached
a peak by mid=July and then declined afterwards. Species recorded
were the same as in the previous year. Anthororids and ohrysopids

were recorded sporadiocally late in the scason. Fredaceous mites were
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Fig. 36.  Caloulated potential and observed ratcs of increase

of M, persicae on potatoes.
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Fig. 36. 1968
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No.Date Infected Mummies

A s e )

COCCINELLIDS

Inthocorids Spidexr Chrysopids Syrphids

31.5 A(M.e.) -
S76 - -
13.6 5(M.e.)  5(M.p.)
20,6 8(M.e.) L48(M.p.)
16(M.e.)
8(ies.)
30.6 1560(M.e,) 360(H.p.)
40(M.e. )
15.7 3325(M.e.) 275(M.p.)

5.8 = 60(M.p. )
13.8 - -

25

90
30

mites Adults

* 2 3 Totol Eggs Larvae Pupae

8 - - 12 -« - 12 108 - -
30 - - = - - - 210 - -
5 - 15 - - - - 72 11 -
8 - 152 - - - - 633 25 -
Lo - 200 20 20 Lo L0 60 -
- - 250 - - - - 175 - 50
- - 150 -X0- 30 = - -
- 30 30 - ~60 60 - - -
- - 210 - - - - - - -

% 1 Cocecinelle 7-punctata

2 Adalis bipunctata

3 Propylea lh-punctate

*896T “Naud POOATIS 3%

"6¢ OTqEL

squeTd ojrjod (OQT uUO SPTUAT JO SOTWOUD [GINFGi
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detected in smell numbers early in the year and disappeared by the
middle of the scason,

Parasitized aphids were on the plants by mid-June, the number
of mummies increased with the growth of the aphid population reaching
their peak late i? this_month, end deorcased afterwards. The species

rocorded were the same as mentioned before, The parasitized M. persicae

(1.p.) outnunbered those of M. euphorbise (M.e.) ond A. solani (A.s.)

and in the majority of samplings, mummiss collected were exclusively
of M, persicaec (table 39), Entomophagous fungl attacked aphids as
carly as the end of May. The infected aphids increased in number
with the progress of the season attaining highest numbers by mid-Jduly;
no records of them were mode gfterwards. 411 infected aphids

collected during the samplings were M. euphorbiac,

(c)_Trag'oatohe .

The M, persicoe and the total number of all aphids collected
twice and once a week in water trapé and the "Rothemsted survey
suction trap" are presented in table 36. Catches of M. persicae
in both traps started early in the season and in the water traps
they were comparatively higher in the early collections and deoreased
steadily through the season and then exhibited a slight inerease in
the 1lst week of July (table 36)., This coincided with the peck
catches in the suction trap. Afterwards the numbers caught decreased

in both traps and virtually disappeared by the end of the scason.
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The suotion qnd water trap data were used to examine the possible
effects of some climatic factors oﬁ the numbers of alate M. persicac
caught. The 3 factors considered were temperature, relative humidity
and wind speed, Correlations_oalculated'between the suction and

woter trap catohes and the 3 factors are shown in table 40.

Table 40, Correlotion coefficients between M, persicac catches

and some climatic factors.

Climatic factors Water traps Suction trap
Temperature + 0.162 NS , + 0, 397%%
Relative humidity - 0,417%% -0, 828k
Wind speed - 0.132 NS -0.209 NS

NS - not significant; ** = p= ¢ 0.01; *** - p= ( 0,001,
- D, DISCUSSION,

Wide fluctuations in potatb aphid populations have been a
common feafurc in most pafts of the world (Dunn, 1949; Daiber, 196k4;
HadZistevie et als, 1965; GaYecka, 1966; Meier, 1966; Inaizum, 1968).
This wos attributgd to a number of factors cmong which were climatic
éonditions, natural enemies and the condition of the hoét plant,

The findings of the present investigaﬁions in years 1967 and 1968

agreed in general with the above statement.
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(1) Factors influencing the aphid numbers

on . the potato chg. u5

(2) 1967 season.

Moc-Gillivary and inderson (1958) studying the population of

aphids on potatoes stated that if M. persicac, M. euphorbiae,

A. solani and A.nasturtii were released in a field of potato in
equal numbers, the density of M. persicae population would become

the greatest followed by M. cuphorbiac, f. nasturtii and A. solani .

Also Barlow (1962) experimenting on the influence of temperature

on population growth of M. persicae and M. euphorbiae reported that

the innate capacity of inerease of M. persicee was higher than

that of M. euphorbine. Results of the samplings presented in table 33

and fig, 31 indicated that M. euphorbiae increased much more quickly

than M. persicac and h.nasturtii . According to Barlow and rcsults

on page 37 of section II the highest intrinsic rate of inorcase

for M. persicac was at a temperoture of 25%¢ and at 20°C for

M. euphorbiac., The discreponcy in numbers of these two aphids in

the field could not be explained by the differential influence of
teﬁperature which was about 18°C (fig. 31) because the theoretical
numbers of M, persicae calculated showed much greater numbers than
the observed (table 34). Perhaps the differentinl effect of natural
enemies which are known to be an important deterrent of 'free'
progress in development of aphid populetions on potatoes (Meier, 1966)

was the cause.
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The aphidophagous insects recorded carly in the season were
cocoinellid and syrphid predators and parasites. The fact that some
aphid species were more suiteoble food for coccinellids than others
was reported by Hodek (1956, 1957). Merritt-Howkess (1920) stated
that Mocrosiphum spp. were not acceptable to Ldalin species.

Blackman (1966) demonstrated that M. persicae and Aulacorthum

circumflcxum werec more suitaoble for L. bipunotata than some other

aphid species. Yakhontov (1966) rcported that according to

(8aidov, unpublished) syrphid larvae of Scacva albomaculata,

Syrphus corollae, Sphacrophoria seripta receiving a mixturs of

different aphid species, fed most willingly on M. persicae. These

findings coupled with the facts that the G of M. persicae attacked

by parasites was much higher than those of M. ouphorbiae (table %)

and that the latter was a quick moving ingoct and is more successful
in evading its natural cncmies could explain the early check of

M, persicac and A. nasturtii population growth relative to that

of i, euphorbine., However, M, cuphorbice showed a sharp drop ot

the time of the 3rd sampling , whioch could possibly be the effect 8f
2 factors. The high maximum temperature of 29°C attained was perhaps

more injurious to M. euphorbine, which is more sensitive to high

temperatures than }M. persicae (Brocdbent and Holling, 1951; Barlow,
1962), The other faoctor which is scemingly the more important

is the effect of rain which was quite heavy on the day of the
sampling. This aphid with its habit of colonizing the upper part

of the plant and of falling off when disturbed is more vulnerable

to rein.
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By early July M. persicae and 4. .nasburtii showed a2 marked

increase when the M. euphorbiae population was decreasing, The

steady build-up by the former species was perhaps duc to the
relaotively high maximum temperature which promoted increase and to
decreaged effect of natural cnemies whioh hod become less common

(toble 35) especinlly the coceinellids, j. bipunctata and

C. septempunctata which are known to be partly mono-voltine and may

. stop reproducing by end of June (Iperti, 1966), Table 39 which
showed that no cggs of coceinellids werc found after June confirmed
this statement, Thé intervel between 25th July ond mid-iugust
marked a period in which the 3 species were sufviving as adults in
small numbers. This was the period in which parasitism, which is
potentially more effective in the control of aphids (van Emden, 1966)
i‘eached its peak and could have checked the increase of M. persicae

and 4, nasturtii, This period also coincided with continuous daily

rainfall which suppressed the recovery of M, cuphorbiae population.

From mid-iugust to the end of the season M. euphorbiae underwent

its 2nd highest peck followed by a sharp decline, while M, persicae

and A, nopturtii showed a slight resurgence. In this period the

number of gyrphids agein inoreased and some chrysopid, anthocorid
and mite predators appeared which checked the growth of M. persicae

and 4. nasbturtii populations, while M. cuphorbiae, less affected by

these factors and favoured by a dry spell increased rapidly but

crashed again following a number of daily rains which were quite

heavy (fig. 31 and table 33).
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The instar-distributions in toble 33 also indicate thot

M. persicae was checked by natural enemies, The 1st and 4th
instar apterae werc not recorded in a number of samplings. This
was pcrhaps caused by selective mortalifies(Hughes, 1963) i.e.
aphidophagous parasites deposited their eggs inside the young nymphs
and these were mummified in the '4th inster (Hafez, 1961), That
the numbers of the 1st instar nymphs were less than the 2nd in
almost all the samplings was possibly duc to the former being
ecasier to prey on because of its slow movement, especially by carly
stoges of syrphid larvae., However, the numbers of the 2nd nymphal
instars wero ﬁ.ncxpedtec‘ﬂy higher compared with the numbers of the

1st instors from which they originally came,

(b) 1968 season.

Aphid species recorded in 1968 were M. eu;ghorbiae, M, persicae

and A.‘ solani, The latter was only recorded in small numbers in

the two years. Ao na.sturtil wh:.ch Was numerous on po'ca.‘bo plants

in 1967 was not found in 1968, Th:.s agreed with Shaw (1955:) who

reported that A, na.sturt:.i was not found. on po'ba.'bo in some ye".rs

because of th_e soaroity on their wintqr host (Rhamnus sp,).

The trend of the populd’cion progress wos more sixﬁple ‘in 1968
than in 1967. Thé 3 aphid species steadily increased, M, euphorbiase
'showing the highest rate, They reached their pédks late in June,

The coloulated potentlul numbers of M, persicac (table 38 and fig. 36)

showed the chfference in the early swmphngs between the potential
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and obgervod were negligible suggesting that the ophid did not
suffer o noticeable check by controlling faotors. Loter the slow
decline of M, persicae populations coinocided with incrcased parasitism
which reached its peak by the cnd of June (table39 ); syrphid
aotivity increased and rcached maximum.by'mid-July; also newly
appearing anthocorids were possibly contributing to the decline of
the population at this time, However, the difference obtained by
subtracting the actual from the potentisl nuwbers shown in fig, 36
and table 38 could be much bigger than what was actually consumed by
the natural enemies beocause the plants were attacked by blight which
possibly reduced the food quality and thus reduced the rate of ‘
inorease (Shaw, 1955p). Morecover the population was high enough

in the middle of the scason to initiate intraspecific competition

which possibly also dccreansed the rate of increase (Way, 1966).

(2) Factors governing the density and time of

arrival of immigrant alatae.

M. cuphorbiase and M. persicce are scemingly the two species

which are dominant and of rcgular occurrence on potatoes in this
locality, Population fluctuctions in ecach scason and the factors
poswibly governing these arc discussed above, However, the
considerable differences in densities of aphid populotions on
potato orops ark thought to be partly governcd by some factors long

before the immigration of alatae to the potato fields. JLlthough
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the cxperimental potatoes wero planted on the same date ( 25th April
in both years, the alatae appearcd onf%968 crop much ecarlier,

there were more, and the aphids started building up on vigorously
growing plants long before the time when the 1967 crop was infested
by oalatae (fige 37). The density and time of arrival of the alatac
on the crop are governed partly by the prescnce in the vicinity,

of overwintering host plants, thc most important of which are
brassicas for M. persicac (Thomas and Jacob, 1943; Fisken, 1959b),

Figken also reported that M, euphorbiaé overwintered as viviparae

on strawberry and lettuce, while Thomas and Jacob found it over-
wintering both as vivipgraecand oviparac on strawberry, The number
of aphids overwintering as active stages on these hosts depends
partly on the severity of the winter.

The other factor is the weather conditions affecting flight
to the crop (Johnson, 1954,}1959; Heathcote, 1965). Johnson (1954)
concluded that the aerial population of alate: aphids was correlated
with the number developing on plants and that it wos also affected
by weather conditions in so far ns these influenced the flight
activity of alatae. The winter of 1966/7 was milder than that of
1967/8 in which conditions were comparatively unsuitable for aphid
multiplication. Nevertheless, the present author collected }arge
nutbers of M, persicae in Februory 1968 (meon minimum température
~1+20C) from the buds and heart of brussels sprouts. The abundance
of alatae arriving at the crop in 1968 was possibly due to migration

from remote arcas or to the aphids which persisted on winter hosts
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Fig. 37. The relative cbundance of M. persicae and

M. euphorbiae in 1967 and 1968.
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and then multiplicd and emigrated early in the favourable weather
conditions which prevoiled in the 2nd half of May, 1968, By
contrast the weather in May, 1967 was wetter and the maximum
temperatures fof the last week 6f this month were much lower than
in 1968. |

Another hypothesis suggested by Mcicr (1966) to explain a
heavy infestation following a low one was that when the aphid
population was low on the potato crop, especially late in the season
the multiplication of the natural enemies is restricted by scarcity
of food and they tend to occur in smnll numbers in the following
year and consequently have little effcct in suppressing the aphid
build=up in the early part of that year, It seems that in 1968 the
late appecrance of the natural cencmies on the crop was also important
as well as their comparative scarcity, because the aphids had
multiplicd before the cnemies ceme in significant numbers This
was perhaps promoted by o comporatively lower tempefature early
in the 1968 scason which favoured the aphid more than its natural
enemies (Dunn, 1952; Hodek ¢t al, 1966), Van Emden (1966h) discussed
the effectiveness of natural cnemies in controlling aphid population.
Among other factors Be emphasized the importance of gynchronization
of thc appearance of the natural enemies with their prey, and using
Bombosch's (1963) model he caloulated the effect of varying the

delay in the appearance of natural cnemies,
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(39 The effect of weather factors on movement and

£light of alate aphids.

Catches of alatae among the crops ef-alate—aphids using
Moericke type (1951) water traps in 1967 and 1968 (table 36)
correlate in general with the results of the samplings of the potatc
plots. The 1967 counts on plants showed the 1st peak early in the
season when immigrant alatae were colonizing the plants and a 2nd
one by mid~July (table 33), In the same year the water trap catches

.early in the season were small and inconsistent, but reached a peak

in mid-Huly caused by alatae produced on the crop which showed

the 2nd pesk. In 1967 alatae arrived relatively late on the crop

and perhaps due to age, muscle autolysis (Johnson, 1953) or under-
going a number of migratory flights before arriving in the experiment.’.
potatoes, they perhaps settled quickly on the plants and were not
caught in traps during trivial flights from plant to plant,

In. 1968 the .1st catch of M., persicae in water traps was larger
than the second which wasfremarkably small one, The alatae arrived
on the crop relatively early and perhaps tended to leave the plants
and fly off again (Kennedy, 1950) and so did not settle as in 1967.
Such 2nd flights are sometimes preceded by short flights from plant
to plant which might have resulted in the high 1lst catch (Johnson,
1954). However, the 2nd catch may have been decreased by a wet
period of 3 days rainfall ahd low temperature (fig.}# ).

The water trap catches in the middle of the season (July)

were much higher in 1967 than 1968, although the numbers counted on
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the plants showed the opposite trend (tables 33 & 37). The tendcnry
for alatae produced on the crop is to emigrate after moulting
and since weather conditions for flight were more favourable in
1968 than in 1967, less aphids were caught in the water traps in
the former year though this coincided with the maximum catch in
the suction trap. It can be concluded that catches in water traps
are influenced by the amount of plant to plant £light in the crop
as well as by the number of imnigra;'zt alatae whereas catches in the
‘Rothamsted Suction trap* reflect immigrant and emigrant numbers
and are not influenced by what is happening among plants in a crop.
The 1968 M, persicae catches in the Rothamsted survey suction
trap were relatively large early in the season, then declined and
rose to a maximum in the ilst week 6f July., Catches then decreased
steadily to the end of the season (table 36), The early large
catches perhaps coincided with the period in which M, persicae left
their parent host plant on which they overwintered and were emigrating
to the summer hosts. Their nugbers in the trap were influenced
by the level of population on these winter hosts and also the climatic
conditions which were favourable for flight. The “2nd peak coincided
with the gbundant alatae producéd on potatoes and perhaps on other
summer hosts and which took to wing soon after maturation assisted
by prevailing relatively low wind speeds (5.5 m/h), low relative
humidities (737) end a mean temperature of about 15°C.-
M. persicae catches in the water and suction traps correlated

with 3 climatic factors (table 40). There was a positive
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correlation with temperature and negative with relative humidity

and wind spéed. Generally there were better correlations of the 3
factors with the suction trap catches. However, relative humidity
seems to be more important than temperature and wind speed inrgoverging
water trap catches. These results agree basically with the findings
of many investigators (Davies, 1935, 1936, 1939; Davies and Whitehead,
1935; Loughnane, 1944), However, Kareem and Basheenm (1966) reported
a positive correlation with relative humidity and s negative
correlation with temperature, which contradicted the results of the
present work and those of the above authors. Kareem and Baskier
worked in India at temperatures ranging from a mean minimum of 19°C

to a mean maximum of 32,200, It is possible thaet temperatures

were too high i.e. above the upper threshold for aphid flight.

If follows that the positive correlation of aphid catches with
temperature which prevails in temperate climates would not necessarily
apply to conditions in India. Their statement that maximum number

was trapped at the lowest mean minimum temperature confirms this,



SECTION V ASSESSMENT OF THE EFFICIENCY OF

APHIDOPHAGOUS INSECTS IN THE FIELD BY

EXCIUSION METHODS.

A. INTRODUGTION.

The fact that insecticidal appliocation for the control of insect
pests resulted in resistant strains was lst noticed in 191k by

Melander who reported that the scale insect, Aspidiotus pernioiosus

had gained resistance to lime sulphur. Other similar observations
were reported by a‘number of iﬁvestigators who algo noticed that the
insect did not only acquire resistance to the particular ohemical
with whigh it was treated, but was somgtimes difficult to control
with other insecticides. However, this was not the only hazard of
chemical applications because as a result of their continuous
épplication, other insects which were oniy found in small numbers
multiplied rapidly and shot to a best level, This was postulated
to be the efféét of these chemioals destroying their natural enemies
which kept them under check. Steiner and others (1944) observed that
appliéations of ﬁDT against oodliﬁg moth on applés resulted in a
sudden rise of the red mite populations, fhis necessitatéd the search
for a selective insecticide which ideally kills the pest and leaves
out its natural enemies (Ripper, 194).

That biological agencies in nature suépress insect increase is

a wldely accepted view, but the magnitude and the soientific proof
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of the control are lacking. De Bach (1946), De Bach et al. (1949,
1951) and Fleschner et al. (1955) working in California tried a
sequence of techniques and proved convincingly that natural enemies
were responsible for controlling some insect pest populations,
Sailer (1966) estimated +the effect of natural enemies on the potato

aphid, Macrosiphum euphorbiae by caging a number of them on potato

plants and thus excluded their enemies. An equal area outside.the

cage was infested with the same number of aphids, but the aphidophagous
insects were left undisturbed, After a month the plants inside had
nearly collapsed under the heavy infestation of the aphid, while
outside the cage no injury was apparent. Bombosch & Tokmskoglu (1966)
also wused the caging technique with Aphis fsbae and concluded that

in one experiment the increase in number of A, fabae inside the cage
was about 360 fold of that outside the cage which was normally
attacked by the natural enemies.

Evidence from a number of experiments showing the injurious
effects of insecticides on aphidophagous insects initiated further
studies to estimate the efficiency of these enemies in suppressing
the aphid population using chemical check methods. Way (1949)
used DDT and BHC to elucidate their effect on the natural enemies
of M., Qersicae and to estimate their controlling efficiency. Meier
(1966) tested a number of insecticides on the natural enemies of
potato aphids and concluded that when insecticides causing high

percentages of kill of enemies were applied, the aphid numbers
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increased rapidly especially when the insecticide was not very
effective against the aphids.

The present work aimed at estimating the efficiency of the
natural enemies of M, persicae in the field on potatoes and brussels
sprouts using exclusion techniques by caging and also a preliminary

trial using an insecticide.

B, MATERTALSAND METHODS.

Experiments were done in 1967 and 1968 on potatoes and brussels
sprouts, These were conducted on the same potato plots as described
on page 146 and during the period when the samples were taken to
assess the field populations of aphids and their natural enemies.
The brussels sprouts plots of aﬁout 50 x 30 m, in area were adjacent
to the potato plots. Experiments on the former were started in late
September and mid-August in 1967 and 1968 respectively and comprised
5 treatments and a control, each replicated 3 times., All cages were
2'6" x 2'6" x L4'6", The trcatments were as follows (plate 3 ):

1) Cages were covered all round and on the tops with éiylene net
(mesh size = 1 x M) to exclude all natural enemies of aphids
including birds. A roof of 6' x 6' wooden frame with wire netting
as a support and polythene sheet fixed on the top were placed on the
top of these cages to exclude rain. The large overlapping roofs

were 1o minimize the effect of wind drift of the rain,
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2- The same treatment as 1 except a cellulose acetate sheet
covered with an adhesive glue was fixed to the top from the inside
to trap aiatae leaving the plants and wandering inside the cage.

3= Cages were covered all round with g?ylene and with 1" mesh
netting on the tops, This allowed almost a normal rainfall on the
plants and also allowed alatae to disperse from the top. A cellulose
acetate strip of about 2" was pinned to the outer upper most part
of the cages and plastered with glue té trap natural enemies crawling
up the cage to enter through the string netting.

4~ Cages were covered with i" netting to allow free movement
of insect natural enemies, but not birds,

5- Only the wooden frames withoub_ covering; but roofs desoribed under 1
were placed on the tops to exclude rain.

6~ Control - uncaged.

(1) Caging experiments,

18 plants were selected from the potato plot and sprayed with
nicotine to destroy all aphids and were searched thoroughly for
natural encmies which were recmoved. 3 plants were taken at random
for each treatment and the soil around the ones from which natural
enemies were to be excluded were dusted with dieldrin to kill goil
predators, Newly emerging M. persicae adults developed on brussels
sprouts in 200C enviromnment controlled room were transferred to these
plants. 10 of these were sleeved on to a young stem of each plant add
another 10 to an old stem for about 2 days for themto settle before

the sleeves were oarefully removed. In the period when the sleeves
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were on, the 3 replicates of each treatment were chosen at random,
and the appropriate cages were transferred to cover the plants.
The cages were fixed to the ground using pegs at their bases and
also wire strings from the tops especially the ones with roofs,

80 that they were not blown away by wind, The plants were again
inspected énd all aphids and natural enemies were destroyed before
the sleeves were removed.

Aphids were counted directly after. the removal of the sleeves
and a number of early counts followed at short intervals of about
5 daysy which were later prolonged to a week or 10 days. Natural
enemies were counted without disturbance in treatments 4-6, but
also in treatments 1~3 the few enemies encountered were counted
and removed. In the 1967 experiments on potatoes, the aphids after
10 days on control plants and shortly afterwards on treatment L
completely disappeared and were then replaced as before, When the
aphid. populations were high in treatments 1 and 2 and mortality due
to pathogenic fungus set in, the experiments were terminated and the
cages were transferred to brussels sprouts and experiments repeated
following the same procedure as described above.

Temperature data were obtained from the termograph mentioned
in section IV, This was also transferred with the cages to the
brussels sprouts plot and the measuring probe placed
under a leaf, A hygrograph was fixed in an open cage and another

in a ﬁiylene netted one to measure differences in relative humidities,
A
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(2) Insecticidal check method.

15 brussels sprout plants, nearly of the same size and vigouf
were selected, These were divided randomly into 2 treatments and a
control, each with 5 replicates. The lay out was as follqws;

1- Plants were treated with 0.5 sevin using a hand operated
sprﬁyer giving large droplets of the liquid. This was directed to
the buttons and hearts of the plants to kill natural enemies hidden
in these parts and also the ones crawling up the main stem from the
soil. The upper surfaces of the 1eav¢s were carefully sprayed
mainly against adult parasites which normally landed on the upper
surfaces and wandered to find their prey. The under surfaces of the
leaves bearing the aphids were not sprayed. Coccinellids were
generally scarce in August and were seldom seen on brussels sprouts.
Syrfhids which were the most abundant predators (Wey et al., 1969)
were eliminated by removing all eggs on alternate days. Thus these
plants were considered 'natural enemy-free',

2- Plants were inspected on alternate dayé and syrphid eggs were
removed. Other natural enemies were undisturbed., The difference
between 1 and 2 accounted for the effect of natural enemies other
than syrphids.

3~ Control - received no chemical treatment and all predators
were allowed to increase normally on the plants.

The oldest leaves hanging on the ground were removed from the

15 plants and they were sprayed and allowed to dry before the aphids
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were sleeved. 10 young adult M. persicae cultured on brussels sprouts
in the 20°C environment ocontrolled room were sleeved on a mature

leaf's The plants were examined and all natural enemies on 'natural
enemy-free' plants were destroyed. The sleeves were removed after

2 days and the aphids counted. A number of counts were made first

at short intervals, which were‘later prolonged. Syrphid eggs were
counted and>removed on alternate deys from plants of treatment 1

and 2. Ali natural enemies found on treatment 1 plants were destroyed

whenever found. Another application of the insecticide was made

after a fortnight.

C. RESULTS.
(1) Ceging experiments.

(a) 1967.

Tables 41 and 42 show the various groups of natural enemies which
attacked aphids on the experimental potatoes and brussels sprouts.
Parasites and syrphids occurred regularly and were apparently the
main natural enemies affecting aphid increase. Coocinellids and
anthocorids were found on potatoes but brussels sprouts were
virtually free from them., On potatoes numbers of anthocorids increased
towards the end of the season., Results also show that treatments
NO. 1, 2 end 3 whioh were supposed to be free of natural enemies
supported varying numbers of these, especially parasites as indicated

by aphid mumies, It is possible that these natural controlling
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agents were attracted by thc high number of aphids inside these cages
(Sailer, 1966) and some were induced to oviposit on the cages
whercas a few parasites probably entered through the netting or the

cage door,

Experiments on potato plants.

Numbers of M, persicae steadily increased almost at the saﬁe

rate (fig. 38 ) in cages which wére 'natural enemy~frec' and rain was
kept out (treatment 1 & 2). The smrll discrepancies were possibly
caused by the varying small numbers of natural enemies found in these
cages. Elimination of alatae by sticky tops did not seem to affect

the population progress. The numbers in cages which were 'natural
cnemy~free' but rain not excluded inercased a2t a relatively slower
rate than the previous treatments. This was perhaps because relatively
more natural encmics entercd thesc cages particularly towards the

end of the cxperiment in which their numbers increased (table 41),

or perheps rain had dircctly destroyed some aphids., In cages with string
netting all round, aphids maintained their initial numbers until the
first count, but fcll sharply afterwards following an increasc in
natural enemics and heavy rains. 20 joung adults were again
transferred to cach plant of this treatment (shown by an arrow in

fig. 38) when the aphids inside were climinated. Aphids in cages
proteceted only from rain showed a steady'decrease throughout the
expdriment. The controls underwont a very sharp decrease and the

aphids had disappeared by the time of the lst count. 20 young adults
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werc again transforred on 15th August (shown by an arrow) and had

again dissppeared by the end of the experiment.

Table 41 Numbers of aphids ond natural cnemies per threc potato

plants in the various cagc treatments in 1967.

Date No.of Aphids and Trcatments
natural encmics *1 2 3 1 5 6
10.8 4phid mummies 6 8 11 3 5 2
Coccinellids - 1 2 3 4 -
Anthocorids - - - - 4 2
Mites - - - - 3 1
Aphids 379 430 288 66 66 0]
20,8 Aphid mummies 8 5 2 2 5 1
Anthocorids - 2 - 7 5 2
Mites - 1 2 2 2 -
Aphids 2089 973 61L 2 52 9
30.8 Aphid mummies 9 12 1 1 1 2
Syrphids - - - 19 15 15
Anthocorids 3 - L 1 1 -
Mitos -1 1 - - -
Aphids 10399 3881 L4257 19 10 8
10,9 Aphid mummies 29 1 21 2 1 1
Syrphids 6 2 6 12 10 I
Coccinellids - - 2 2 - -
Anthocorids L 3 L 13 2 -
Mites - - L 9 L 1
Aphids 17251 10539 938 3 5 0

* Treatment 1. ﬁ?ylene all round + Folythcne tops.

2, As (1) + sticky tops for alatae collection,
3. ﬂ?ylene all round + string netting on tops.
L, String netting all round and toﬁs.

5. Polythene tops only.

6. Control.
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Fig. 38.

Numbers of M. persicac per potato plant in the various
coge treatments in 1967.
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Table 42, Numbers of aphids.s.nd nobural encmics per three brussels

sprout plants in the various cage treatments in 1967.

Date No.s? Aphids and Treatments
natural encmies 1 2 3 L 5 6
2,10 - Aphids 206 239 198 234, 286 30
4,10 Aphid mummics - - 2 2 L -
Syrphids - 1 - 2 - 5
Mites - 1l - 1 2 -
Aphids 215 215 187 257 21, 194
10.10 Aphid mummies 1 3 8 4 2 1
Syrphids - - - 1 -
Mites 2 - 2 1 - -
Aphids 398 382 407 409 3l 117
18.10 Aphid mummics - - - 1 1 -
Syrphids - - 2 2 - 5
Mites 1 3 2 1 - 2
Aphids 551 493 353 445 416 71
2,11  Aphid mummies L L L 1 L -
Syrphids - - - 1 - -
Mites L 3 - 1 2 -
Aphids 1847 1105 1061 736 1075 37
18.11 Aphid mummics 4 11 2 6 3 -
Mites 2 1 - - 2 -
Aphids 2088 1310 1100 940 524 32

Experiments on brusscls sprout plants.

Rates of population increase under the 1lst. 5 treatments did not
show marked differcnces (fig. 39). This was perhaps duc to the small
numbers of natural controlling agents recorded in this period (table 42),
the activity of which was checked by the low temperatures which
prevailed during most of the period of the experiment (fig. 39).

However, aphids on plants protected only from rains showed o decrease






Fig. 39 Numbers of M. persicac per brussels sprout plant in the
various cage treatments in 1967.
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in the lagt count. Numbers on contrdl plants steadi;y decrcased and
exhibited o marked diffoerence cbmpared with the other treatments.
This was possidly due to the offedt of birds which may have been

deterred by thc caging even if COnsisﬁ;iof an open frame,

(v) 1968,

Tﬁﬁle 43 shows the natural cnemies cncoﬁntered during the counts
on brussels spropts of which parasites and_syrﬁhids were therdominahtt
ones. Cocdinellids and anthocorids were scarce and were recoréed
only once during thc experiment, Somc enEmies woere also recorded
on the 'natural enemy—free"bageé; eépodialiy parasites which resulted
in large numbers of aphid mummics.

MMdmwmﬁmsmtm5melmmwﬂm'wmsﬂ%ﬁw
increased, altho@gh in“cgges iﬁ which rain was z2llowed, the rate of
increase in the last count was sligﬁtly slower than in treatments 1
and 2. In oages with 3" netting all round and those with tops to
exclude rain, the rate was inconsistent and underwent o number of
rises and falls but was higher than the control whieh steadily
decreased throughout the cxperiment (fig.40 ). This difference perhaps

reflected the cffects of birds which did not enter cages cven when open.

(2) Insecticidal check method.

Figs. 41 and 42 show the trend of changes in numbers of M. persicae
and syrphid eggs on brussels sprout plants in 1968 and 1969 respectively.

The rate of aphid population increase on plants sprayed with sevin and
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with syrphid cgge removed was the highest and showed inerease in all
counts except one in each year. On 'syrphid-free' and oontrol plants
there was no clear difference; numbers remained few throughout and
although in71968 there were more on the 'syrphid-free' plants
initially there were less in the last count. In 1969 the numbers

on 'syrphid-free' plants was lower than on the controls in the first
half of the experimental period, but higher in the second half.
Syrphid cggs were morc abundant in 1969 than 1968 and each year they

were more prevalent in the 1lst, half of the experimental period.
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Table 43. Numbers of aphids and notural enemies per threée brussels

sprout plants in the various cage treatments in 1968.

Date . Aphids and Treatments
natural enemies . 1 2 3 L 5 6
12.8 -~ Aphids 303 266 283 295 282 269
15.8 Aphid mummies - 1 - - 2 -
Syrphids - = = 3 k3
Aphids 516 406 456 357 350 296
21.8 Aphid mummies 3 1 - 2 8 2
Syrphids - 1 1 3 14 13
Coccinellids - - - - 1 -
Mites 1 1 - - 1 -
Aphids 691 628 593 330 274 222
3.9 Aphid mummies 105 95 35 30 40 25
Syrphids 2 - - 2 32 21
Mite - - - - 2 -
Aphids 5180 4195 3202 694 3yl 191
12,9 Aphid mummies - - - 11 17 12
Syrphids - - - - 13 7
Mite - - - 2 - 3
-Aphids 13298 11152 12138 24,69 1254 242
27.9 Aphid mummies - - - 8 8 7
Syrphids - - - 17 19 29
Anthocorids - - - - - 2
Mites - - - 3 2 -
Aphids 36285 30872 18815 636 1240 67

D, DISCUSSION

The experiments on potatoes and brussels sprout plants showed
that M, persicae protected from natural enemies increased more than
when natural enemies had free access. The numbers inside the 'natural
enemy-free! cages (treatments 1, 2 & 3) increased at about the same

rate especially on brussels sprouts orn which aphids are less affected
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Fig. LO . N@ers of M. persicac per brusscls sprout plant in the
various cage treatments in 1968,

] ¢ cea.lculatcd potential inorease,
A A trylene net all round + Polythene tops.

== =p as (2) + sticky tops for alatae collection.
0 wm—— 0 t¥ylenc all round + string netting on tops.
0 -~ - -~ 0 string netting all round and tops.

X X polythene teops only.

X - - = X uncaged control.
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Fig. 41. Mcon numbers per plant of M. persicae and syrphid eggs
in 1968,

0 ==~ 0 treated and syrphid eggs removed.
0 - - - 0 syrphid eggs removed.
0 v 0 control,
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Fig. 42. Mean numbers per plant of M, persicco and syrphid egga in 1949,

[ ] # calculated potential increase.
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by rain (figs.39 & 40). However, on potatoes the aphids seemed to be
more vulnerable to rain, and thus showed a slightly lower rate of
increcase (fig. 38). In treatments L4, 5 and the control where the
aphids were attacked by natural enemies, the numbers were much less
particularly on the contrels. The check by nafural enemies secemed to
be greater on potatoes than on brussels sﬁrouts, perhaps because the
former is visited by a larger group of natural enemies. Coccinellids
and anthocorids which were seen actively searching potato plants and
perhaps of major importance in reducing aphids were only rccorded once
on single brussels sprout plants (table L43). However, in
October and November when the experiments with brussels were done

the effect of aphidophagous insects may be less important than in
summer when the experiments with potatocs were done (fig. 38). This
could be attributed to their small numbers (table 42) and to retard-
ation of their activity by the lower temperatures (Dunn, 1952),

Birds preying on aphids secem to be more important at this time,
However, the rate of incrcase of the aphids ﬁas élso slow due to

the low temperatures,

M, persicae populations in the 'natural enemy-free' cages were perhaps
modified by the number of the aphidophagous insccts which were found
there, especial;y by parasitism which was high in some counts, The
effect of these and other natural enemics could be minimized by counts
at shorter intervals., Cages with string netting all round which were
supposed to allow free movement of all inscet natural enemies'qmy

not have done so, particularly with syrphids which hover over the plant
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before landing on it. Table 43 which indicates many more syrphids
in open cages and on the controls confirms this, Also in cages where
a population of aphidsbuilt up and an amount of honey~dew was cxcreted,
some ants were attracted to it and perhaps affected the rate of increase
by protecting the aphids (De Bach 9_1_:__9_;, 1951)., 1In the later-
counts the aphid populations, especially in the 'natural enemy-free',
became very large and they no doubt initiated intra-specific competition
which would affect the quality and multiplication rate of the
- individuals.

Aphid populations on brussels sprouts sprayed with 0.5% sevin
and with.syrphid eggs rembved by hand on alternate days showed
remarkably greater numbers than those on the controls and'syrphid-free'
plants (figs. 41 & 42). This ié seemingly.due to the elimination of
important natural enemies, other than syrphids. In 1968 the aphid
numbers on plants from whioh only syrphid eggs were removed remained
almost similar to those on control plants for all the oounts except
the last one when there were less. In 1969 counts, the populations on
these plants were less than on controls for the lst half of August,
‘although in this period the maximum nunbers of syrphid eggs were removed
from the plants. In the 2nd half of August the aphid numbers increased
and were slightly higher than on the control, although syrphid eggs
in this period were fewer. This indicates that although'syrphid
eggs werc on the plants as potentially importent aphid predators,
they failed to exercise any effective control measure on the aphids.

This agrees with Way et al. (1969) findings who recorded a similar
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result with Brevicoryne brassicae on brussels sprouts, They attributed

this to an unexplained phenomenon of large loss of newly hatched
larvae. |

The difference between aphid populations on 'syrphid-free!
and 'natural enemy~free' plants were high and is the result of all
natural enemies other than syrphids. The main aphidophagous insects
recorded on the brussels sprouts were parasites, syrphids and few
predaceous mites. Since syrphids were removed and parasites were
quite few on the plants, it must be assumed that most of the control
was exercised by unknown predators; perhaps from the soil e.g.
staphylinids and carabids.,

Aphid populations on 'natural enemy-free' plants incrcased at a
much slower rate than the calculatédapotential ( figs. 38, 39, 4O
& L42). This reduction in numbe;s and slower rate of multiplication
in experiments with insecticidal check method were perhaps caused by
rain, birds preying on the aphids and or sevin reducing the
reproductive rate of M. persicae (Bovey et al., 1962). However, much
of the difference is probably caused by a higher mortality under
crowded conditions, decreased reproductive rate and perhaps nutritional

factors related to the changing quality of host plant.
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SECTION VI. GENERAL DISCUSSION

Determination of instars of M. persicae.

It is rather difficult to distinguish some instars of M. persicae
because there 1s perhaps no simple means on which to depend irrespective
of conditions. Results of section I of this thesis show that for
M. persicac reared at 15°¢, 25°C and 28°C, the absolute length of the
cornicle is the easiest means of distinguishing the 4 nymphal instars,
and 1t seems possible that this absolute difference is maintained
at higher and lower temperatures. But further studies need to be
made to elucidate effects of environmental conditions on cornicle size.

Tastop's (unpublished) method of distinguishing the 1st instar
from the 2nd by the abscnce of hairs on the 3rd antennal segment,
although providing a correct 'ldentification' involves making a
specially prepared mount and the use df a high power micréscope,
which is not alwoys feasible for practical purposes.

The lengths of the body and of various segments depend on the
quality of the food and the envirommental conditions, most important
of which is temperaturc, The size range must therefore be quite
different in hot and témperate climates. In the former and where
temperatures arc high the inscets are-smallest, while in cool
temperate conditions they are usually largest. The sizes of different
instars thercfore overlap and there is no doubt that relying on
absolute lengths of characters except possibly the cornicle is

erroneous if measuremcnts are to be compered of specimens collected
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in different climatic or weather conditions or from different species
or quality of host plant.

Ratios between sizes of different body parts are more useful than
sbsolute size for distinguishing different instars and this has been
the basis of all methods published sa far., The ratios nevertheless
vary according to temperature (table 5 ), Futhermore at the same
temperature the correlations between various parts can 4iffer in
successive generations when rearcd at adversely high or low temperature.
(tables25 & 26 ). The sizes of the different parts also do not
return to normality along the same pathways of relative size changes
after transfer to a favourable temperature from one where size

decrease has been caused by high temperature (table 23).

Population increase.

According to the results of‘the present work constant temperatures
lower and higﬁer than 25°C decrease the rate of increase of the aphid
population and would ultimately result in extinction at temperatures
where the finite ratc of increasc bccomes less than unity (i.e. below
cbout 50C or above about 30°C). But the transfer of these aphids for
a period to a suitable temperature enables them to recover to a
higher peproductive potential. This may help to explain how aphids
can survive the conditions in the tropics and sub-tropics where
temperatures are very high during the day, but relatively low during
the night{ according to rcoords from the Sudan the average dally

Moxima for the summer as sbout 35°C and the minima sbout 15°C) ; élso
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in temperate climates where weather is unsettled and periods of very
low temperatures arec followed by comparatifely higher ones, or again
whére sunshine creates short periods of relatively high temperature
even though the average temperature is harmfully low.

Experiments were done in constant temperature rooms and field
-populations were assesscd in relation to the laboratory data; but
due to the modifying effects of fluctuating temperatures in the field,
the assessment of populations in this way is subject to error if
the temperature limits rise above and fall below the optimum range.

Aphid samplings for two years on field populations on potatocs
showed the largest number per plant to be 360, However, rcsults of
the caging cxperiments indicated that the number of aphids per plant
in cages from which natural enemies were cxcluded reached about
5000 aphids. This illustrates the effectiveness of the naturally
controlling factors in reducing the aphid populations in the field,
and the importance of taking up a policy of integrated control,
Nevertheless the rate of increase on caged potato and brussels sprout
plants in the field (figs. 38 & 39 ), or potted plants in constant
rooms (fig. 9 ), or on brusscls sprout plants from which netural
enemies were checked by insecticide plus hand picking of syrphids
(fig. 42 ) did not approach the calculated potential rate. The
possible causes of these differences were discussed before under
the appropriate sections. However, among these the nutritional

condition of the host plant secms to be of most importance because
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the difference between the early counts on potato plants in 1968 and
the calculated potential was small (fig. 36 ) mainly perhaps due to

the rapid increase of thc aphid on vigorously growing young plonts.



SUMMLRY

Distinguiding the various instars of Myzus persicae.

1. The sizes of different body parts of the 4 nymphal apterae were
inversely related to the constant temperatures at which they were
reared.

mean
2. Thellengths of antennae of the verious instars were distinct
at the same temperature, but reared at high temperatures (25°C and

limits of
280¢) the)lengths of the 4th instar antenna tended to overlap with
those of the 3rd instar recared at a low temperature (15°C).

mean
3. TheLlengths of the 3rd and Lth antennal segments of the 3rd
instor were significantly different (p =< 0,01 and p = < 0.001)
in apterae reared at 25 and 28°C, but were almost equal at 15°C
i.e. the ratio between the lengths of the two segments were temperature
dependent..
., The cornicle length increscsed steadily from the first instar to
the adult apterae, the diffcrence between any two successive instars
being significant at p =0.001, ILimited date indicated that no

1imits of

overlapping in thelgorniole length occurs between the different instars

irrespective of temperature but this needs confirmation.

Bffects of temperature on some characters of Myzus persiocac.

1. On brussels sprouts leaf-discs the nymphal developmental period

decreased from 19.9 to 5.3 days with 2 rise in constant temperature

from 10 to 29°C.
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2. The 4th jinstar has the longest duration, the 2nd and 3rd, which
are almost cqual, hove the shortest,and the first is about 1.1 longer
than the 2nd and 3rd.

3. A%t 20°C nymphal developmental periods on brussels sprouts and
potato leaf-diseé were almost equal (7.6 aﬁd 7.8 days respectively),
but ot 15°C it was 1.5 days shorter on potato leaf-discs (total on
potatoes = 10,3 days at 15°C).

L. The fecundity of aphids reared on brussels sprouts leaf-discs
rose steadily between 109C and 25°C, but dropped sharply at 29°C.

On potato leaf-discs more young were produced at 15°C than at 20°C,
5. On brussels sprouts the fastest intrinsic rate of increase

(r = 1.8) was calculated to ocour at 250C,

6. .t 159C and 20°C M. persicac multiplied more rapidly on potted
brussels sprouts than on potato plants.

7. Tronsferring aphids maintained on brussels sprouts to potatoes
slowed the rate of increase in numbers, while the opposite transfer
had no effect.

8. The developmental pefiéa of the aphid transferred from 20°C +to
27.5°C was significantly decreased in the lst generation (p =£0.001).
In the following generationa the decrease relative to the 1st wos small,
9. The developmental period of the first generation progeny of
adults reared at 27.5°C for L4 and 9 generations and then transferred
to 20°C was longer than of those kept oonstantly at 20°C. The period

then decreansed in successive gencrations and became shorter than for

individusls kept constantly at 20°C.
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10, The fecundity of the opterae tronsfaorred from 20°C and reared
throughout at 100G idccreased to 19,4 and 5.6 in the 1lst and 2nd
generations respectively. Adults of Fl and F2 generations recared

as nymphs at 10°C when transferred as adults to 20°C produced almost
the same number of progeny (34).

11. Apteroce reared continuously for 5 generations at a eritically
high temprature (27.5°C) produced 33.5, 20.8, 8.8, 5.9 and 1.8

nymphs per adult aptera in the 1st, 2nd, 3%rd, 4th and 5th generations
réspectively. Individuals reared as nymphs at 27.5°C but kept as
adults at 200C after each generation produced 14.0, 19.8, 19.5, 22,0
and 16.8 nymphs/adult for Fp, Fo, F3, F), and Fg generations respectively.
When adults of the Fh generation rcecared at 27.59C were returncd to
200C the recovery in fecundity was not complocte even after 3 generations.
12, The morphometrics of the body parts of individuals transferred
from 200C to 10°C increased, while it steadiiy decreased in successive
gencrations in those transferred to 27.5°C. When adults of the ¥y,
generation reared at 27.5°C were transferrcd to 20°C, it took two
gencrations for the lengths of the different body parts to become
similar to those of adults of apteraec kept continuously ot 20°¢,

13, Correlations between lengths of various body parts were closer
at 27.50C than &t 10°C; the 6th antennal scgment showed the poorest
correlations at both temperatures, At the 2 temperatures correlations
between the lengths of the body parts werec better for the Py

generation than for the Fp but not for later generations at 27.5°C.
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Aphid populations in the fisld and the influence of biotie and

;biotic factors.

1. Macrosiphum euphorbiae and Myzus persicac were the 2 dominant

species on potatocs 4phis nasburtii, Aulacorthum solani and Rhopalosi-

phonus lotysiphon were cither ab§¢pt or scarce,

2, M. persicae and M. euphorbine populations varied considerably
from 1967 to 1968 perhapsAdepending on thc numbers overwintering,
on multiplication before immigration to pbtato fields, on weather
cdnditions for flight and on multiplication within the crop.

3. M. cuphorbiae mainly colonizes the upper part of the plant,

and M. persicae the lower part.

4. Natural enemies scem to be morc cffective on potatoes in mid-
summer than on brussels sprouts in autwmn, because the former is
frequented by more kinds of natural encmies. e.g. Coccinellids and
anthocorids were virtually absent from brussels sprouts in 1967

and 1968.

5. Rain and pathogenic fungi scem to be important factors determining

numbers of M. euphorbisc on the plants. M. persicae was offected

~ more by parasites and predators, Ixclusion of these natural enecmies
by caging or by insecticides plus hand picking of syrphid eggs
resulted in rapid increase in aphid numbérs;

6, The main aphidophogous insccts seen on brussels sprouts were

the parasites and syrphids, but the latter had negligible effect

in controlling aphid incrcase. Less known insect predators c.g.



-22&-

stophylinids, carebids and nabids may be very important in checking

M. persicae numbers on brussels sprouts,
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